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FIGURE 1

General Description
DNA SEQ ID NO:3; UBI:ZM-ACS6 RNAi + UBI:MOPAT:PINII Co-integrate.
length: 51280 bp; storage type: Basic; form: Circular
Functional Map
CDS (10 signals)
MO-PAT Start: 7109 End: 7660
SPC Start: 9525 End: 10313 (Complementary) SPECTINOMYCIN RESISTANCE
TET Start: 14622 End: 15272 (Complementary) tetracycline resistance
TET Start: 15378 End: 16028 (Complementary) tetracycline resistance
TRF A Start: 17208 End: 19397 (Complementary)
CTL Start: 24763 End: 31033 (Complementary)
VIR C1 Start: 34264 End: 34958
VIR C2 Start: 34961 End: 35569
VIR G Start: 35680 End: 36483 (Complementary) Agrobacterium virG (region
approximated)
VIR B Start: 36615 End: 46051 (Complementary) Agrobacterium virB (region
approximated)
Intron (3 signals)
UBIZM INTRONT (PHI) Start: 2196 End: 3208
ADH1 INTRONT (PHI) Start: 3791 End: 4327 Isolated from B73
UBI1ZM INTRONT1 (PHI) Start: 6060 End: 7072
Miscellaneous feature (11 signals)
RB Start: 1 End: 25
ALL STOPS Start: 306 End: 339
A synthetic sequence of stop codons designed to stop all 6 open reading frames.
FRT5 Start: 452 End: 499
ALL STOPS Start: 910 End: 943
ATTB1 Start: 1155 End: 1175
ATTB2 Start: 4931 End: 4951 (Complementary)
FRT12 Start: 4998 End: 5045 FLP recombination target 12
FRT1 Start: 8004 End: 8051
PSB1 Start: 8052 End: 8146
A synthetic sequence designed to facilitate PCR analysis of recombined FRT sites.
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FIGURE 1

ALL STOPS Start: 8147 End: 8180
LB Start: 8325 End: 8350 tDNA Left border sequence
Promoter prokaryotic (2 signals)
UBI1ZM PRO Start: 1218 End: 2113 Maize ubiquitin promoter
UBI1ZM PRO Start: 5082 End: 5977 Maize ubiquitin promoter
Rep origin (2 signals)
COLE1 ORI Start: 11588 End: 11857 (Complementary)
ORIV Start: 32041 End: 32751 (Complementary)
Terminator (2 signals)
IN2-1 (B) TERM Start: 505 End: 902 (Complementary)
98bp deletion from 3'-end of the terminator.
PINII TERM Start: 7671 End: 7989; Potato PINII terminator
5'UTR (2 signals)
UBI1ZM 5UTR (PHI) Start: 2114 End: 2195
UBI1ZM 5UTR (PHI) Start: 5978 End: 6059
Misc RNA (2 signals)
ZM-ACS6 (TR3) Start: 3272 End: 3776 (Complementary)
Maize ACC synthase 6 (Aminocyclopropane carboxylate synthase) Truncated

fragment for gene silencing.
ZM-ACS6 (TR4) Start: 4332 End: 4874
Maize ACC synthase 6 (Aminocyclopropane carboxylate synthase) Truncated
fragment for gene silencing.

Restriction Map

Apall: 14 sites gggg—ﬁg

N1:287; N2: 2517; N3: 3704; N4: 4391; N5: 6381; N6: 10036; N7: 10810; N8: 11376
NS: 11874; N10: 13564; N11: 45696; N12: 48291; N13: 48789; N14: 50471

) ) CIYCGRG
Aval: 37 sites GRGCY|C

N1:1144; N2: 1909; N3: 3318; N4: 3666; N5: 4429; N6: 4777; N7: 4922; N8: 5072
N9: 5773; N10: 7116; N11: 10391; N12: 15995; N13: 16761; N14: 17741; N15: 20628
N16: 21650; N17: 22422; N18: 24908; N19: 28599; N20: 30815; N21: 31984
N22: 33215; N23: 33223; N24: 33231; N25: 34047; N26: 34545; N27: 35022
N28: 35445;N29: 35491; N30: 36128; N31: 36869; N32: 37358; N33: 37895
N34: 38948; N35: 41282; N36: 43949; N37: 51174
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FIGURE 1

. . G|GATCC
BamHl: 11 sites CCTAGIG

N1: 3230; N2: 4329; N3: 4865; N4: 5066; N5: 7094; N6: 34434; N7: 35775; N8: 37634
N9: 38570; N10: 38770; N11: 43916

. . AT|CGAT
Clal: 18 sites TAGC|TA

N1:2445; N2: 2710; N3: 2935; N4: 8309; N5: 6574; N6: 6799; N7: 33943; N8: 34189
N9: 34622; N10: 36384; N11: 36728; N12: 36855; N13: 41483; N14: 42530; N15: 44527
N16: 46781; N17: 47943; N18: 48057

. . GJAATTC
EcoRl: 11 sites CTTAAG

N1: 2609; N2: 3261; N3: 4834; N4: 4877; N5: 6473; N6: 13890; N7: 37680; N8: 40564
N9: 40976; N10: 42287; N11: 43685

. . AJAGCTT
Hindlll: 8 sites TTCGAJA

N1:649; N2: 1202; N3: 3864, N4: 33254; N5: 44317; N6: 45226; N7: 46347; N8: 47862

o CI|CATGG
Ncol: 2 sites GGTACIC

N1:17026; N2: 17554

) . CTGCA|G
Pstl: 15 sites GIACGTC

N1:1218; N2: 3208; N3: 3777; N4: 5082; N5: 7072; N6: 12698; N7: 13142; N8: 33407
N9: 38321; N10: 41155; N11: 42206; N12: 42791; N13: 48045; N14: 49613; N15: 50049

] . CCCIGGG
Smal: 10 sites GGGICCC

N1:1146; N2: 3320; N3: 3668; N4: 4431; N5: 4779; N6: 4924; N7: 5074; N8: 15997
N9: 16763; N10: 34049
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BestFit Results
BESTFIT of: malze ACSE_TR4 from: 1 to: 543

to: rice_ ACS6_cds from: 1 to: 1464

Symbol comwpariscn table: /app/geg/share/matrix/swgapdra.cup
CompCheck: 2335

Gap Weight: 50 Average Matcn: 10.000
Lenglh Weightl: 3 Average Mismalca: -9.000
Quality: 3373 Lengtn: 476
Ratic: 7.086 Gaps: 0

Percent Similarity: £4.664 Percent Identity: 84.664

Match display thresholds for the alignment(s):
| = IDENTITY
H—- 5

1

[

maize ACS6_TR4L x rice ACS6_cds September 24, 2010 00:41

19 ggacgacyggegtegtcecggegttagocegetgtoggacegegtgeacgtgy 68
[N e PORE LRt
ggccgggcgcgacggeggogagcagctgacgtgteccgacegegtgecacgtes 2470

~1
[Xe}
e

tgtacagcctgtecaaggacctogggecteccggggttecgegrggoece
IR R N N N
842 tgtacagcctgtcocszaggacctoggectececggggtteccgegtecgoece

3
fXel

|
o 897

119 arctactcgtoczacgoaggogtggtotecgaggecaceaagatgtegay 168
P

Prerrrer i

892 atctactco

al

RN R R
> gtegtgtocegeggecgacaezagatgtecas

169 ctteggectggtatoegtcecocagacgeageacctectggegtegetoctge 218
RN N NN

942 cttcggectegtgtegtecocagacgeagtacctectegeggegetoectes 990

219 gcgacagggacttceacgcggaggtacatcgeggagaacacgeggecgats 268
RN R N A RN N

992 gcgacagggacttcaccceggagotacotegeggagaacasgeggecgate 1041

269 agggagcggcgcgageagetggoggagggectyggeggeegrgggeatecga 2318
[N N | [l Porrert
1042 aaggagaggeacgaceagotagtggacgggctcagggagataeggaatntgg 1091

319 gltgectyggagageazcgeggaggetettetgetgggtecaacatgegoooes
IEERERE R e e

1092 gtgcctgeoccageazcgecggectottetgetgggtggacatgagecace 1141

369 tgatgcggagcecggtegttcegagggcgagatggagetgtggaagacgote 418
R N e

1142 tgatgcggagecggtegtteocoggcgagatggagetciggsagaagete 2181

419 gtcttegaggtggggctcaacatctecoccgggetectectgecactgees 468
[ N [
1192 gtgttogaggtoggoctceaacatceteoccagggtaegtegtgecactgocg 1241

Iy

459 ggageocgygetggltoecgogtotgot £9
FETETEREEEEEE TR
1242 cgagecceggetggttceogegtetget 1267

FIGURE 7
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BESTFIT of: ZmACS6 cDNA check: 3296 frcem: I to: 1446

to: rice AUSE_cds check: 9272 frem: 1 to: 1464

REFORMAT of: rice_ACS6_cds check: 9272 from: 1 to: 14¢4
{No documentation)

Symbol comparison table: /app/gcg/share/matrix/swgapdna.cmp
CompCheck: 2335

Cap Weighl: c0 Averzge Malca: 10.000

Length Weight: 3 Average Mismatca: -9.000
Quality: 10153 _engtn: 1474

Ratio: 7.031 Gaps: 7

FPercent Similarity: 87.0153 Percent Identity: 87.C15

Match display thresholds for the alignment (g):
| = IDENTITY

1

ZwACS6 cDNA x rice ACS6_ccs

TGATCGCCGACGAGAAGCCGCAGCCGCAGCTGCTGTCCAAGARGECCGLC 51
PEOTEREEE S T PETERRLRI LRIt
14 t£ggtcgecgacygaga. « ... . agccgeagetgetgtocaagaaggeogayg 57

N

52 TGCRACAGUCACGGCCAGGACTCGTICCTACTICCTGGGGTGGGACGAGTA 101
PERTRRCE bbb e bbb b bbb et perent
58 tgraacagocacggocaggactogtootacttaoctogggtggecaggagta 107

102 TGAGAAAAACCCATACGACCCCGTCGCCAACCCCGGCGGCATCATCCAGA 151
PEEEREEE i FERCEETE TR PEIEEEEETT

108 cgagasaaaacccygttcogaccocgtctansacacttcoggeatcatacaga 15

152 TGGGCCTCGCCGAGAACCAGUTGTCCTICGACCTGCTGGAGGCGTGGCTG 201
PERTVECE bbb e bbb e bt FEEE TEEE
58 tggocctegoogagaaccagetgtegttagacctgottgaggagtggotyg 20

202 GAGGCCAACCCGGACGCGCTCGGCCTCCGCC. vy . GGGGAGGCGCCTC 24
I iy PEOoTEii e o Pore e

208 gagaagaaccccocacgogeteggecteoggcgagagggeggeggegeocte 25

246 TGTATTCCGCGAGCICGCGCTICTTCCAGGACTACCACGGCATGCCGGCCT 295
PP REE bbb e e b bbb bbb 0 rhitd

258 cgtettocgogagetogegetgttccaggactaccacgygestocaggott 30

296 TCAAGAATGCATITGGCGAGGTTCATGTCGGAGCAACGIGEGTACCGGETG 34
P el R EEERERRRREEE NN PIETT Pl
308 tcrczaaaatgcattggcogcggttcatgtogoageagagagggtacaaggtyg 3

&

346 ACCTTCGACCCCAGCAACATCGTGCTCACCGCCGGAGCCACCICEGLCAA 395
[REERE [RRE [EREREERR R RN PETETIIEIE o
358 gtgttce

396 CGAGGCCCTCATGTICIGCCICGCCGACCACGGAGACGCCTTICICATCC 445
e Ry
408 cgaggegeloatgttotgecteogoecgaccacggegacgecttectecatee 45

446 CCACGCCATACTACCCAGGGTTCGACCGTGACCTCAAGTGGCGCACCGGE 495
N

458 cceccceatactacccagggttogacegogacctoaagtggogeaccgge 507

496 GCGGAGATCGTCCCUGTGCACTGCACGAGCGECAACGGCTTCCGGCTGAC 545
PELTTETE] [ FURRLETD BB b Porbrrre brid
508 gcgoagatcootaccegtgeactgegegagegegaacgygbtoegggtygac 557

FIGURE 8A
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1040

1040

1090

1090

1140

1140

1190

1190

6CGCECCB0ACTGRACGACGCETACCAECACGOGCAGAARCTGCGECTEE
Pt BEorerE e bbb e et b el

gcgeocecgegetgoacgacgegtacegcogegaegecagaasccgoogeetge

GCGTCAAGGGLGTGCIC TVACC CCCTTCCAACCCGCTGGGCACCALG
I R
goghaosagggogtoctgatecaccaaccagtcaaacaagataggeacagag

TCGCCGCGCGLCCACCTGGAGATGCTGETGCACTTCGTGGCCGLCARGEG
RN N R R R R R R

Lcgeegegegecgacclegagacgaleglegaclleolcoceygeccaagayg

CATCCACCTGGTGAGCGACGACATATACTCCGGCACGGTICTTCGCGGA. .
T T I T I O A O O I B O IR O B
catccaccteatcagegacgagatetacgecggcacggecttegecgage

L CCCGBEBCTTCGTEAGCETCCTCEAGGTGETBECCEUGCECECCGLC
Porbrirert bl [RREEER Potberir il
cgecegegggeticgtcagegegctegaggtecgtggecgegegc. v o v v

ACGGACCACGGCGICGTCGGCOITCEOGLCGCTGTICGGACCGCGTGCACGT
A T I O O I S R PO TR brerbrerel
Lgacygcgucyocgctyacye s v v e v v u e tgtccecgaccgegtygecacot

GGTGTACAGCCTGICCAAGGACCTGGGCCTCCCGEGGTTICCGCGTGGGLG
PEOPEet bbb e e e bbb bbb b bt
cgtgtacagectgtecaaggacctecgygoctececggggttcegegtecggeyg

LLAl‘lAuqulLuAAVGLVGL GT gGlpl~LG SGGCCACCAAGATGTCG
e PETErErrT 1 PEobrrrertr b b
ccatctactcegecaacgecgeegtegtgtecgeggegaccaagatgtee

AGCTTCGGCCTGGTGTCGTCCCAGACGCAGCACCTCCTGGCGICGCTCCT
Potbrttert rerererr e et ottt [
agctteggectegtgtegteccagacgcagtacctectegeggegetget

GGGCGACAGGGACTTCACGCGCAGETACATCGCGGAGAACACGCGGCGGA
R N N R R R
cggogacagggacttoacoaggagotacygtcgoyggagaaraagogoaygga

TCAGGGAGCGGECGECGAGCAGCTGGCECAGGECCIGELGGLCGETGGECATC
[ T T T T O I Y I I P
tcaaggagegocacgaccagetegtggacggygetcagyggagategecatt

GA”TFCChG GAG CAACG'GL GCTCTTC GCTGGGTCA AC‘TGCGGCG

[N PRUCEERTE 1t rerreeirettrr rrine
gggtgcectgeccaccas cgccggcctcttctgctggctg0acatgagc~a

CCTCGATCGCGGAG
(RN R N AR RN N
cctgatgcggagecggtegttegecggcgagatggagerctggaacaagy

TGGTCTT”GAGGTPGCJCTVAMCT”"TCCCCGGGCTCCTCCTGCCACTGC

[ N R R
tggtottcgacgicggoecteaacatctococcegyytogioghgocacthge

CEGGAGCOCGECTGET TCCGCE TCTGCTTOECCAACATGICCGCCARGAT
[ R

cgcgagecoggctggttecocgegtetgettegecaacatgteggecaagac

GCTCGACGTCGCGUTCCAGCGCUTGEGLGCCTTUGCEGAGGCUGCCACTG
FErEr it [N R | R I RN
cctegacgtegecatgeagegectcaggtegtiegtegactecgecacey

CGGG. . i GCGCCOCGTECTTGLCCCCGCCAGGAGC

I [REEEEE e bt
goggoggcgacaacgecgecctecgecgegecgeegtecoccegtcacgage

FIGURE 8B
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1372 ATCAGCCTCCCGGTCCGCTTCAGCTGGGCTAACCGCCTCACCCTGGGCTC 1421
R ERN PERREEETT BT I

1390 glecageloeccegelecgecalecaagloygegeleeygeclecacoceey. .. be 1436

FEPEETEEEE et

1422 CGCCGCCGACCGGAAGGCCGAGTG 1445
I
catcgeoecgesceggaaggecgagag 1460

1437

FIGURE 8C
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Figure 9.

Rain-fed Drought stress

Yo

of Vgﬁf % of WT | % of BN
Event wT
Background 1, Event 4 100 102 107 111
Background 1, Event 6 99 101 105 109
Background 1, Event 7 101 103 106 110
Background 1, Event 1 98 100 104 108
Background 1, Event 3 100 102 102 106
Background 1, Event 8 100 102 101 105
Background 1, Event 2 98 100 111 116
Background 1, Event 9 100 102 99 103
Background 1, Event 10 101 103 102 106




Patent Application Publication

Oct. 13,2011 Sheet 14 of 24 US 2011/0252505 A1

Background | Event Across Testers & Locations

1 1 64

1 2

1 3

1 4

1 5

1 6

1 7

1 8

1 9

1 10

1 11

1 12
BN 63
WT 63

Grain yield (bushels/acre)of transgenic, bulk null (BN) and nontransformed
(WT) maize hybrids in Season 3

I:l Significantly greater than BN and WT

FIGURE 10
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Event | Background Across Testers & Locatlons

OO INOOB|WIN —

L I S R N I A [ A AR A I A P A [P A

BN | | 108
WT 107

Plant height (inches) of transgenic, bulk null (BN) and
nontransformed (WT) maize hybrids in Season 3

D Significantly different from BN and WT

FIGURE 11
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Background | Event Yield — Across Testers & Plant Height — Across Testers
Locations & Locations
3 1 12
3 2
3 3
3 4
3 5
3 6
3 7
3 8
3 9
3 10
3 11
3 12
3 13
2 1
2 2
2 3
2 4
2 5
2 6
2 7
2 8 119
2 9 119
2 10 119
2 11 115
BN 116 117
WT 119 118
FIGURE 12

Significantly different from BN only

B

e

Significantly different from WT only

Significantly different from both BN and WT
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kground 3 :

Seed yield (bu/acre) of transgenic, bulk null (BN) and nontransformed (WT) maize
hybrids across three water treatments and four testers in Season 4.

Significantly greater than control

FIGURE 13
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ACS6_az x ACS3_as

v, MLADEKPQPQLLSXKAACNSHGQOSSYLEGWEEYEKNE 38
i borib Pl b b Teatd
1 MGGKLLLGASQSRHAHAVASPP.LSXVATSGLHGEDSPYFAGWKAYDENP 48

39 YDPVANPGGLLIONMGLAENQLSEOLLZAWLEANPDALGLRRGGASY. .F'RE 86
e R A I R
50 YDAVSNPGGVIQMGLAENQVSFILLZIGYLRDHPEAAGWGGSGSGVASFRD 99

87 LALFQDYHGMPAZKNALAREMSZORGYRVIFDPSNIVLTAGATSANEALM 136
A R A R N A
100 NALFQDYHGLKATRKAMANFMEXVRGGKARFDPDRIVLTAGATAANELLT 149

137 FCLADHGDAZLIZTPYYPGFDROLKWRTGAEIVPVHCTSGNGFRLIRAAL 186
N N N N R R R O e O 0 O U O B O R
150 FVLANPGDALLIZTPYYPGFDRILRWRTGVNIVPVHCDSANGEFQVIAAAL 199

187 DDAYRRAQKLRLRVKGVLITNPSNPLGTTSPRADLEMLVDFVAAKGIHLV 236
I N R Phb:
200 QAAYEEAEAAGTRVRAVLLTNPSNPLGTTVTRPALEDVLDFVARNNIHLI 249

237 SDEIYSGTVZADZGFVSVLEVVAARAATDDGVVGVGPLSDRVAVVYSLSK 286
N NI A N Sabbrs bbb
250 SDEIYSGSVFAADDLVSVAELVESRG..DPGV...... AERVHIVYSLSK 291

287 DLGLPGFRVGAIYSSNAGVVSAATKMSSFGLVSSOTOHLLASLLGDRDET 336
e A e el 1
292 DLCGLPGFRVGVVYSYNDAVVTAARRMSSFTLVSSQTOKTLAAMLSDACFA 341

337 RRYIAENTRRIRIRREQLAEGLAAVGIECLESNAGLFCWVNMRRLI..RSR 385
L I I e I I O B A
342 DAYVRTNRQRLRARHDHVVAGLARAGVPCLRGNAGLFVWMDMRRLLGEAT 391

386 SFEGEMELWXKVVFEVGLNISPGSSCHCREPGWFRVCFANMSAKTLDVAL 435
e
392 TVAGELRLWORMLREAKLNISPGSSCHECSEPGWFRVCFANMSLDTLDVAL 441

436 QRLGAFAEAATAGRRVLAPARSISLPVRFSWANRLTPGSAADRKAER 482
[T S [N
442 BRMSREFVD, . TWNKE T TASTOO T . « i i e et et et et eeeenn e 162

Symbol ccmparison table: /app/gcg/share/matrix/blosumb2.crp
CompCheck: 1102
BLOSUMG2 amino acid substitution matrix.

Reference: Henikoff, S$. and Henikoff, J. G. (1992}). Amino acic
substitution matrices from protein blocks. PNAS USA 89: 10915-10819.
Gap Weight: 8 Average Match: 2.778
Lenoth Weight: 2 Average Mismatch: -2.248
Quality: 1318 Length: 497
Ratic: 2.853 Gaps: 6
Percent Similarity: 65.996 Percent Identity: 59.284

Match display thresholds for the alignment (s):
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FIGURE 15

ZmACS3_cDNA x ZmACS6_cDNA
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ACC Level in Roots
FIGURE 17
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DOWN-REGULATION OF ACC SYNTHASE
FOR IMPROVED PLANT PERFORMANCE

CROSS-REFERENCE

[0001] This application claims priority to U.S. Provisional
Patent Application Ser. No. 61/248,060, filed Oct. 2, 2009 and
to U.S. Provisional Patent Application Ser. No. 61/290,902,
filed Dec. 30, 2009 and to U.S. Provisional Patent Application
Ser. No. 61/332,069, filed May 6, 2010, all of which are
hereby incorporated by reference herein.

FIELD OF THE INVENTION

[0002] This invention relates generally to the field of
molecular biology and the modulation of expression or activ-
ity of genes and proteins affecting yield, abiotic stress toler-
ance and nitrogen utilization efficiency in plants.

BACKGROUND OF THE INVENTION

[0003] Ethylene (C,H,) is a gaseous plant hormone. It has
a spectrum of effects that can be tissue-specific and/or spe-
cies-specific. For example, physiological effects include, but
are not limited to, promotion of fruit ripening, abscission of
leaves and fruit of dicotyledonous species, flower senescence,
stem extension of aquatic plants, gas space (aerenchyma)
development in roots, leaf epinastic curvature, stem and shoot
swelling (often in association with stunting), femaleness in
cucurbits, fruit growth in certain species, apical hook closure
in etiolated shoots, root hair formation, flowering in the Bro-
meliaceae, and diageotropism of etiolated shoots. Ethylene is
released naturally by ripening fruit and is also produced by
most plant tissues, e.g., in response to stress (e.g., density,
pathogen attack) and in maturing and senescing organs.
[0004] Ethylene is generated from methionine by a biosyn-
thetic pathway involving the conversion of S-adenosyl-L-
methionine (SAM or Ado Met) to the cyclic amino acid
1-aminocyclopropane-1-carboxylic acid (ACC) which is
facilitated by ACC synthase. Sulphur is conserved in the
process by recycling 5'-methylthioadenosine.

[0005] ACC synthase is an aminotransferase which cata-
lyzes the rate-limiting step in the formation of ethylene by
converting S-adenosylmethionine to ACC. Typically, the
enzyme requires pyridoxal phosphate as a cofactor. Features
of the invention include ACC synthase sequences and subse-
quences.

[0006] Ethylene is then produced from the oxidation of
ACC through the action of ACC oxidase (also known as the
ethylene forming enzyme). The ACC oxidase enzyme is ste-
reospecific and uses cofactors, e.g., Fe*?, O,, ascorbate, etc.
Activity of ACC oxidase can be inhibited by anoxia and
cobaltions. Finally, ethylene can be metabolized by oxidation
to CO, or to ethylene oxide and ethylene glycol.

[0007] The maize ACC synthase (ACS) gene family
includes three members: ACS2, ACS6 and ACS7. The iden-
tification and analysis of Arabidopsis and tomato ACC syn-
thase mutants deficient in ethylene biosynthesis have helped
to establish the important role that ethylene plays in plant
growth and development. ACC synthase, the first committed
enzyme in the ethylene biosynthetic pathway, plays critical
regulatory roles throughout cereal development as well as a
key role in regulating responses to environmental stress.
[0008] There is a continuing need for modulation of the
ethylene production pathway in plants for manipulating plant
development or stress responses. This invention relates to the
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creation of novel ACC synthase downregulation polynucle-
otide constructs to modulate yield of seed and/or biomass,
abiotic stress tolerance, including density tolerance, drought
tolerance, nitrogen utilization efficiency and/or ethylene pro-
duction in plants, including novel polynucleotide sequences,
expression cassettes, constructs, vectors, plant cells and
resultant plants. These and other features of the invention will
become apparent upon review of the following.

SUMMARY OF THE INVENTION

[0009] This invention provides methods and compositions
for modulating yield, drought tolerance and/or nitrogen uti-
lization efficiency in plants as well as modulating (e.g., reduc-
ing) ethylene production in plants. This invention relates to
compositions and methods for down-regulating the level and/
or activity of ACC synthase in plants, exemplified by, e.g.,
SEQ ID NO: 1 and/or SEQ ID NO: 2, including the develop-
ment of specific RNAi constructs (see, SEQ ID NO: 3) for
creation of plants with improved yield and/or improved abi-
otic stress tolerance, which may include improved drought
tolerance, improved density tolerance, and/or improved NUE
(nitrogen utilization efficiency). NUE includes both
improved yield in low nitrogen conditions and more efficient
nitrogen utilization in normal conditions

[0010] Therefore, in one aspect, the present invention
relates to an isolated nucleic acid comprising a polynucle-
otide sequence for use in a down-regulation construct, such as
an RNAi vector which modulates ACS expression. One
embodiment of the invention is an isolated polynucleotide
comprising a nucleotide sequence of SEQ ID NO: 1 and/or
SEQ ID NO: 2 which may optimize interaction with endog-
enous RNA sequences.

[0011] In another aspect, the present invention relates to
recombinant down-regulation constructs comprising the
polynucleotides as described (see, SEQ ID NO: 3). The
down-regulation constructs generally comprise the poly-
nucleotides of SEQ ID NO: 1 and/or SEQ ID NO: 2 and a
promoter operably linked to the same. Additionally, the con-
structs include several features which result in effective
down-regulation of ACS through RNAi embodiments or
facilitate modulation of ACS expression. One such feature is
the inclusion of one or more FLP/FRT sites. Other features
include specific elimination of extraneous open reading
frames in the hairpin structure, elimination of an open reading
frame from the intron of the ubiquitin promoter, alteration of
the hairpin to include an Adhl intron and reconfiguration of
the construct so that the hairpin cassette and the herbicide-
tolerance marker are in tandem orientation. The invention
also relates to a vector containing the recombinant expression
cassette. Further, the vector containing the recombinant
expression cassette can facilitate the transcription of the
nucleic acid in a host cell. The present invention also relates to
the host cells able to transcribe a polynucleotide.

[0012] In certain embodiments, the present invention is
directed to a transgenic plant or plant cell containing a poly-
nucleotide comprising a down-regulation construct. In cer-
tain embodiments, a plant cell of the invention is from a dicot
or monocot. Preferred plants containing the polynucleotides
include, but are not limited to, maize, soybean, sunflower,
sorghum, canola, wheat, alfalfa, cotton, rice, barley, tomato
and millet. In certain embodiments, the transgenic plant is a
maize plant or plant cell. A transgenic seed comprising a
transgenic down-regulation construct as described herein is
an embodiment. In one embodiment, the plant cell is in a
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hybrid plant comprising a drought tolerance phenotype and/
or a nitrogen utilization efficiency phenotype and/or an
improved yield phenotype. In another embodiment, the plant
cell is in a plant comprising a sterility phenotype, e.g., a male
sterility phenotype. Plants may comprise a combination of
such phenotypes. A plant regenerated from a plant cell of the
invention is also a feature of the invention.

[0013] Certain embodiments have improved drought toler-
ance as compared to a control plant. The improved drought
tolerance of a plant of the invention may reflect physiological
aspects such as, but not limited to, (a) a reduction in the
production of at least one ACC-synthase-encoding mRNA;
(b) a reduction in the production of an ACC synthase; (c) a
reduction in the production of ACC; (d) a reduction in the
production of ethylene; (e) an increase in plant height or (f)
any combination of (a)-(e), compared to a corresponding
control plant. Plants exhibiting improved drought tolerance
may also exhibit one or more additional abiotic stress toler-
ance phenotypes, such as improved nitrogen utilization effi-
ciency and increased density tolerance.

[0014] The invention also provides methods for inhibiting
ethylene production in a plant and plants produced by such
methods. For example, a method of inhibiting ethylene pro-
duction comprises inhibiting the expression of one or more
ACC synthase genes in the plant, wherein the one or more
ACC synthase genes encode one or more ACC synthases.
Multiple methods and/or multiple constructs may be used to
downregulate a single ACC synthase polynucleotide or
polypeptide. Multiple ACC synthase polynucleotides or
polypeptides may be downregulated by a single method or by
multiple methods; in either case, one or more compositions
may be employed.

[0015] Methods for modulating drought tolerance in plants
are also a feature of the invention, as are plants produced by
such methods. For example, a method of modulating drought
tolerance comprises: (a) selecting at least one ACC synthase
gene (e.g., ACS6) to impact, thereby providing at least one
desired ACC synthase gene; (b) introducing a mutant form
(e.g., an antisense or sense configuration of at least one ACC
synthase gene or subsequence thereof, an RNA silencing
configuration of at least one ACC synthase gene or subse-
quence thereof, and the like) of the at least one desired ACC
synthase gene into the plant and (c¢) expressing the mutant
form, thereby modulating drought tolerance in the plant. In
certain embodiments, the mutant gene is introduced by Agro-
bacterium-mediated transfer, electroporation, micro-projec-
tile bombardment, a sexual cross or the like.

[0016] Detection of expression products is performed
either qualitatively (by detecting presence or absence of one
or more product of interest) or quantitatively (by monitoring
the level of expression of one or more product of interest). In
one embodiment, the expression product is an RNA expres-
sion product. Aspects of the invention optionally include
monitoring an expression level of a nucleic acid, polypeptide
or chemical (e.g., ACC, ethylene, etc.) as noted herein for
detection of ACC synthase, ethylene production, drought tol-
erance, etc., in a plant or in a population of plants.

[0017] Kits which incorporate one or more of the nucleic
acids noted above are also a feature of the invention. Suchkits
can include any of the above noted components and further
include, e.g., instructions for use of the components in any of
the methods noted herein, packaging materials and/or con-
tainers for holding the components. For example, a kit for
detection of ACS expression levels in a plant includes at least
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one polynucleotide sequence comprising a nucleic acid
sequence, where the nucleic acid sequence is, e.g., at least
about 70%, at least about 75%, at least about 80%, at least
about 85%, at least about 90%, at least about 95%, at least
about 99%, about 99.5% or more, identical to SEQ ID NO: 3
or a subsequence thereof or a complement thereof. The sub-
sequence may be SEQ ID No. 1 or 2. In a further embodiment,
the kit includes instructional materials for the use of the at
least one polynucleotide sequence to modulate drought tol-
erance in a plant.

BRIEF DESCRIPTION OF THE DRAWINGS

[0018] FIG. 1 provides details of a plasmid (SEQ ID NO: 3)
comprising a hairpin construct. Full sequence of the
described plasmid is provided in SEQ ID NO: 3. A ubiquitin
promoter (UBI1ZM PRO) drives expression of the hairpin,
which comprises TR3 and TR4 (SEQ ID NOS: 1 and 2).
[0019] FIG. 2 shows the yield of transformed plants under
flowering stress in Season 1, Environment 1. Each bar repre-
sents a separate transformation event. Average yield of trans-
gene-negative segregants is shown (139 bu/a) as control
(CN). A total of 74% of the events yielded nominally more
than the control plants. Plants representing 18 transgenic
events outyielded the control at P<0.10.

[0020] FIG. 3 shows the yield of transformed plants of the
invention under grain-fill stress in Season 1, Environment 2.
Each bar represents a separate transformation event. Average
yield of transgene-negative segregants is shown (176 bu/a) as
control (CN). Thirteen events out-yielded the CN at P<0.10.
Ofthese, eight had also shown significant improvement under
flowering stress.

[0021] FIG. 4 shows the yield, as a percent of control, of
transformed plants of the invention (indicated by a circle), as
well as plants transformed using an alternative ACS6 down-
regulation vector (indicated by a square) under grain fill stress
in Season 1, Environment 3. Each data point represents a
separate transformation event. NS=not statistically signifi-
cant. SIG=statistically significant. The control plants are
bulked transgene-negative segregants. As can be seen, 64% of
the events of the invention had significantly superior yield;
only 17% of'the alternative ACS6 down-regulation events had
significantly superior yield, relative to the control.

[0022] FIG. 5 shows the yield, as a percent of control, of
transformed plants of the invention (indicated by a circle), as
well as plants transformed using an alternative ACS6 down-
regulation vector (indicated by a square) under rain-fed con-
ditions in Season 1, Environment 4. Each data point repre-
sents a separate transformation event. NS=not significant.
The control plants are bulked transgene-negative segregants.
As can be seen, all points exhibiting statistically significant
increases in yield represent events of the invention disclosed
herein. In addition, all points exhibiting statistically signifi-
cant decreases in yield are events containing the alternative
ACS6 down-regulation vector.

[0023] FIG. 6 is a schematic of a representative expression
cassette of the invention.

[0024] FIG. 7 is an alignment of rice ACS6 coding
sequence with the TR4 hairpin truncation (SEQ ID NO: 2).

[0025] FIG. 8isanalignment of maize ACS6 and rice ACS6
sequences.
[0026] FIG. 9 shows grain yield (bushels/acre) of events in

Background 1 in Season 2.
[0027] FIG. 10 shows grain yield (bushels/acre) of events in
Background 1 in Season 3.
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[0028] FIG. 11 shows plant height (inches) of events in
Background 1 in Season 3.

[0029] FIG. 12 shows grain yield (bushels/acre) and plant
height (in inches) of events in Backgrounds 2 and 3 in Season

[0030] FIG. 13 shows grain yield (bushels/acre) of events in
Backgrounds 2 and 3 across three water treatments and four
testers in Season 4.

[0031] FIG. 14 provides an alignment of amino acid
sequences of ZmACS6 and ZmACS3.

[0032] FIG. 15 provides an alignment of coding sequences
of ZmACS6 and ZmACS3.

[0033] FIG.16 provides analignment of TR3 (SEQID NO:
1) with ACS3.
[0034] FIG. 17 shows ACC levels for four events in trans-

genic and control root tissues at maize growth stage VT.
[0035] FIG. 18 provides quantitative rtPCR data indicating
reduced expression of ACS6 in root tissue of maize seedlings
transgenic for one of ten ACS downregulation events.

DETAILED DESCRIPTION OF THE INVENTION
Definitions

[0036] It is to be understood that the terminology used
herein is for the purpose of describing particular embodi-
ments only and is not intended to be limiting. As used in this
specification and the appended claims, the singular forms “a”,
“an” and “the” include plural references unless the content
clearly dictates otherwise. Thus, for example, reference to “a
cell” includes a combination of two or more cells, and the
like.

[0037] Unless defined otherwise, all technical and scien-
tific terms used herein have the same meaning as commonly
understood by one of ordinary skill in the art to which the
invention pertains. Unless mentioned otherwise, the tech-
niques employed or contemplated herein are standard meth-
odologies well known to one of ordinary skill in the art. The
materials, methods and examples are illustrative only and not
limiting. The following is presented by way of illustration and
is not intended to limit the scope of the invention.

[0038] The present invention now will be described more
fully hereinafter with reference to the accompanying draw-
ings and other illustrative non-limiting embodiments.

[0039] Many modifications and other embodiments of the
invention set forth herein are within the scope of the claimed
invention based on the benefit of the teachings in the present
descriptions and the associated drawings. Therefore, it is to be
understood that the invention is not to be limited to the spe-
cific embodiments disclosed and that modifications and other
embodiments are intended to be included within the scope of
the appended claims.

[0040] The practice of the present invention will employ,
unless otherwise indicated, conventional techniques of
agronomy, botany, microbiology, tissue culture, molecular
biology, chemistry, biochemistry and recombinant DNA
technology, which are within the skill of the art.

[0041] Units, prefixes and symbols may be denoted in their
SI accepted form. Unless otherwise indicated, nucleic acids
are written left to right in 5' to 3' orientation; amino acid
sequences are written left to right in amino to carboxy orien-
tation, respectively. Numeric ranges are inclusive of the num-
bers defining the range. Amino acids may be referred to
herein either by their commonly known three letter symbols
or by the one-letter symbols recommended by the IUPAC-
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IUB Biochemical Nomenclature Commission. Nucleotides,
likewise, may be referred to by their commonly accepted
single-letter codes. The terms defined below are more fully
defined by reference to the specification as a whole.

[0042] In describing the present invention, the following
terms will be employed, and are intended to be defined as
indicated below.

[0043] By “microbe” is meant any microorganism (includ-
ing both eukaryotic and prokaryotic microorganisms), such
as fungi, yeast, bacteria, actinomycetes, algae and protozoa,
as well as other unicellular structures.

[0044] By “amplified” is meant the construction of multiple
copies of a nucleic acid sequence or multiple copies comple-
mentary to the nucleic acid sequence using at least one of the
nucleic acid sequences as a template. Amplification systems
include the polymerase chain reaction (PCR) system, ligase
chain reaction (LCR) system, nucleic acid sequence based
amplification (NASBA, Cangene, Mississauga, Ontario),
Q-Beta Replicase systems, transcription-based amplification
system (TAS) and strand displacement amplification (SDA).
See, e.g., Diagnostic Molecular Microbiology: Principles
and Applications, Persing, et al., eds., American Society for
Microbiology, Washington, D.C. (1993). The product of
amplification is termed an amplicon.

[0045] Theterm “conservatively modified variants™ applies
to both amino acid and nucleic acid sequences. With respect
to particular nucleic acid sequences, conservatively modified
variants refer to those nucleic acids that encode identical or
conservatively modified variants of the amino acid
sequences. Because of the degeneracy of the genetic code, a
number of functionally identical nucleic acids encode any
given protein. For instance, the codons GCA, GCC, GCG and
GCU all encode the amino acid alanine. Thus, at every posi-
tion where an alanine is specified by a codon, the codon can be
altered to any of the corresponding codons described without
altering the encoded polypeptide. Such nucleic acid varia-
tions are “silent variations” and represent one species of
conservatively modified variation. Every nucleic acid
sequence herein that encodes a polypeptide also describes
every possible silent variation of the nucleic acid. One of
ordinary skill will recognize that each codon in a nucleic acid
(except AUG, which is ordinarily the only codon for methion-
ine; one exception is Micrococcus rubens, for which GTG is
the methionine codon (Ishizuka, et al., (1993) J. Gen. Micro-
biol. 139:425-32)) can be modified to yield a functionally
identical molecule. Accordingly, each silent variation of a
nucleic acid is implicit in each described polypeptide
sequence and incorporated herein by reference.

[0046] Asto amino acid sequences, one of skill will recog-
nize that individual substitution, deletion or addition to a
nucleic acid, peptide, polypeptide or protein sequence which
alters, adds or deletes a single amino acid or a small percent-
age of amino acids in the encoded sequence is a “conserva-
tively modified variant” when the alteration results in the
substitution of an amino acid with a chemically similar amino
acid. Thus, for example, any number of amino acid residues
selected from the group of integers consisting of from 1 to 15,
suchas 1,2,3,4,5,7or 10, can be so altered. Conservatively
modified variants typically provide biological activity similar
to that of the unmodified polypeptide sequence from which
they are derived. For example, substrate specificity, enzyme
activity or ligand/receptor binding is generally at least 30%,
40%, 50%, 60%, 70%, 80% or 90%, preferably 60-90% ofthe
binding of the native protein for its native substrate. Conser-
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vative substitution tables providing functionally similar
amino acids are well known in the art.

[0047] The following six groups each contain amino acids
that are conservative substitutions for one another:

[0048] 1) Alanine (A), Serine (S), Threonine (T);

[0049] 2) Aspartic acid (D), Glutamic acid (E);

[0050] 3) Asparagine (N), Glutamine (Q);

[0051] 4) Arginine (R), Lysine (K);

[0052] 5) Isoleucine (I), Leucine (L), Methionine (M),
Valine (V) and

[0053] 6) Phenylalanine (F), Tyrosine (Y), Tryptophan
(W).

See also, Creighton, Proteins, W. H. Freeman and Co. (1984).
[0054] As used herein, “consisting essentially of” means
the inclusion of additional sequences to an object polynucle-
otide where the additional sequences do not selectively
hybridize, under stringent hybridization conditions, to the
same cDNA as does the original object polynucleotide and
where the hybridization conditions include a wash step in
0.1xSSC and 0.1% sodium dodecyl sulfate at 65° C. Gener-
ally, additional sequence or sequences do not materially
affect the basic and novel characteristics of the claimed inven-
tion, e.g. down-regulation of ACS6. For example, in an
embodiment, additional sequences may be included at the 5'
or 3' end of the hairpin structure without materially affecting
the RNA interference function of the construct.

[0055] The term “construct” is used to refer generally to an
artificial combination of polynucleotide sequences, i.e. a
combination which does not occur in nature, normally com-
prising one or more regulatory elements and one or more
coding sequences. The term may include reference to expres-
sion cassettes and/or vector sequences, as is appropriate for
the context.

[0056] A “control” or “control plant” or “control plant cell”
provides a reference point for measuring changes in pheno-
type of a subject plant or plant cell in which genetic alteration,
such as transformation, has been effected as to a gene of
interest. A subject plant or plant cell may be descended from
a plant or cell so altered and will comprise the alteration.
[0057] A control plant or plant cell may comprise, for
example: (a) a wild-type plant or cell, i.e., of the same geno-
type as the starting material for the genetic alteration which
resulted in the subject plant or cell; (b) a plant or plant cell of
the same genotype as the starting material but which has been
transformed with a null construct (i.e., with a construct which
has no known effect on the trait of interest, such as a construct
comprising a marker gene); (c) a plant or plant cell which is a
non-transformed segregant among progeny of a subject plant
or plant cell; (d) a plant or plant cell genetically identical to
the subject plant or plant cell but which is not exposed to
conditions or stimuli that would induce expression of the gene
of interest or (e) the subject plant or plant cell itself, under
conditions in which the gene of interest is not expressed. A
control plant may also be a plant transformed with an alter-
native ACS6 down-regulation construct.

[0058] By “encoding” or “encoded,” with respect to a
specified nucleic acid, is meant comprising the information
for translation into the specified protein. A nucleic acid
encoding a protein may comprise non-translated sequences
(e.g., introns) within translated regions of the nucleic acid, or
may lack such intervening non-translated sequences (e.g., as
in cDNA). The information by which a protein is encoded is
specified by the use of codons. Typically, the amino acid
sequence is encoded by the nucleic acid using the “universal”
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genetic code. However, variants of the universal code, such as
is present in some plant, animal and fungal mitochondria, the
bacterium Mycoplasma capricolumn (Yamao, et al., (1985)
Proc. Natl. Acad. Sci. USA 82:2306-9) or the ciliate Macro-
nucleus, may be used when the nucleic acid is expressed
using these organisms.

[0059] When the nucleic acid is prepared or altered syn-
thetically, advantage can be taken of known codon prefer-
ences of the intended host in which the nucleic acid is to be
expressed. For example, although nucleic acid sequences
may be expressed in both monocotyledonous and dicotyle-
donous plant species, sequences can be modified to account
for the specific codon preferences and GC content prefer-
ences of monocotyledonous plants or dicotyledonous plants
(see Murray, et al., (1989) Nucleic Acids Res. 17:477-98, and
herein incorporated by reference). Thus, the maize preferred
codon for a particular amino acid might be derived from
known gene sequences from maize. Maize codon usage for 28
genes from maize plants is listed in Table 4 of Murray, et al.,
supra.

[0060] By “flowering stress” is meant that water is withheld
from plants such that drought stress occurs at or around the
time of anthesis.

[0061] By “grain fill stress™ is meant that water is withheld
from plants such that drought stress occurs during the time
when seeds are accumulating storage products (carbohy-
drates, protein and/or oil).

[0062] By “rain-fed conditions” is meant that water is nei-
ther deliberately withheld nor artificially supplemented.

[0063] By “well-watered conditions” is meant that water
available to the plant is generally adequate for optimum
growth.

[0064] Drought stress conditions for maize may be con-
trolled to result in a targeted yield reduction. For example, a
20%, 30%, 40%, 50%, 60%, 70% or greater reduction inyield
of control plants can be accomplished by providing measured
amounts of water during specific phases of plant develop-
ment.

[0065] As used herein, “heterologous” in reference to a
nucleic acid is a nucleic acid that originates from a foreign
species, or, if from the same species, is substantially modified
from its native form in composition and/or genomic locus by
deliberate human intervention. For example, a promoter oper-
ably linked to a heterologous structural gene is from a species
different from that from which the structural gene was derived
or, if from the same species, one or both are substantially
modified from their original form. A heterologous protein
may originate from a foreign species or, if from the same
species, is substantially modified from its original form by
deliberate human intervention.

[0066] By “host cell” is meant a cell which comprises a
heterologous nucleic acid sequence of the invention. Host
cells may be prokaryotic cells such as E. coli or eukaryotic
cells such as yeast, insect, plant, amphibian or mammalian
cells. Preferably, host cells are monocotyledonous or dicoty-
ledonous plant cells, including but not limited to maize, sor-
ghum, sunflower, soybean, wheat, alfalfa, rice, cotton, canola,
barley, millet, sugarcane, turfgrass and tomato. A particularly
preferred monocotyledonous host cell is a maize host cell.
[0067] The term “hybridization complex™ includes refer-
ence to a duplex nucleic acid structure formed by two single-
stranded nucleic acid sequences selectively hybridized with
each other.
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[0068] The term “down-regulate” and its forms, e.g. down-
regulation, refers to a reduction which may be partial or
complete. For example, down-regulation of an ACS poly-
nucleotide in a plant or cell encompasses a reduction in
expression to a level that is 99%, 95%, 90%, 85%, 80%, 75%,
70%, 65%, 60%, 55%, 50%, 45%, 40%, 35%, 30%, 25%,
20%, 15%, 10%, 5% or 0% of the expression level of the
corresponding ACS polynucleotide in a control plant or cell.
[0069] The term “introduced” in the context of inserting a
nucleic acid into a cell, means “transfection” or “transforma-
tion” or “transduction” and includes reference to the incor-
poration of a nucleic acid into a eukaryotic or prokaryotic cell
where the nucleic acid may be incorporated into the genome
of the cell (e.g., chromosome, plasmid, plastid or mitochon-
drial DNA), converted into an autonomous replicon or tran-
siently expressed (e.g., transfected mRNA).

[0070] The term “isolated” refers to material, such as a
nucleic acid or a protein, which is substantially or essentially
free from components which normally accompany or interact
with it as found in its naturally occurring environment. The
isolated material optionally comprises material not found
with the material in its natural environment. Nucleic acids
which are “isolated”, as defined herein, are also referred to as
“heterologous” nucleic is acids.

[0071] As used herein the term “modulation of ACC syn-
thase activity” shall be interpreted to mean any change in an
ACC synthase biological activity, which can include an
altered level of ACC synthase present in a plant cell, altered
efficacy of the enzyme or any other means which affects one
or more of the biological properties of ACC synthase in
relation to its role in converting S-adenosylmethionine to
ACC in the formation of ethylene. Accordingly, “inhibition of
ACC synthase activity” encompasses a reduction in the effi-
cacy of the enzyme or a reduction in the level of ACC synthase
present in a plant cell, for example, due to a reduction in the
expression of an ACC synthase gene.

[0072] Inother embodiments, expression of a downregula-
tion construct described herein could modulate other steps
along the ethylene synthesis pathway to improve plant yield
or abiotic stress tolerance of a plant. For example, the rate of
conversion of SAM to polyamines could be increased or the
level or activity of ACC oxidase could be decreased or the
level or activity of SAM could be increased or some combi-
nation of these and/or other modifications in the ethylene
synthesis pathway could occur as a result of the genetic
modulation described herein. While not wishing to be bound
by any theory, it is postulated that modification of one or more
steps towards ethylene synthesis results in decreased ethylene
activity. In any event, the invention is directed to increasing
plant yield in optimum conditions, as well as improving per-
formance under abiotic stress conditions, by modulating
expression of an ACC synthase gene, regardless of the precise
effect of that modulation on the ethylene synthesis pathway,
ethylene production or ethylene activity.

[0073] The term “nitrogen utilization efficiency” (NUE)
refers to physiological processes of uptake and/or assimila-
tion of nitrogen and/or the subsequent remobilization and
reutilization of accumulated nitrogen reserves. Improved
NUE refers to enhancement of these processes relative to a
control plant. Plants in which NUE is improved may be more
productive than control plants under comparable conditions
of ample nitrogen availability and/or may maintain produc-
tivity under significantly reduced nitrogen availability.
Improving NUE, particularly in maize, would increase har-
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vestable yield per unit of input nitrogen fertilizer, both in
developing nations where access to nitrogen fertilizer is lim-
ited and in developed nations where the level of nitrogen use
is high. Improved NUE reduces on-farm input costs,
decreases dependence on the non-renewable energy sources
required for nitrogen fertilizer production and diminishes the
environmental impact of nitrogen fertilizer manufacturing
and agricultural use. Improved NUE may be reflected in one
or more attributes such as increased biomass, increased grain
yield, increased harvest index, increased photosynthetic rates
and increased tolerance to biotic or abiotic stress. These
attributes may reflect or result in changes including a modu-
lation of root development, shoot and leaf development and/
or reproductive tissue development. By “modulating root
development” is intended any alteration in the development
of the plant root when compared to a control plant. Such
alterations in root development include, but are not limited to,
alterations in the growth rate of the primary root, the fresh
root weight, the extent of lateral and adventitious root forma-
tion, the vasculature system, meristem development or radial
expansion. Furthermore, higher root biomass production may
affect production of compounds synthesized by root cells or
transgenic root cells or cell cultures of said transgenic root
cells. Methods of measuring developmental alterations in the
root system are known in the art. See, for example, US Patent
Application Publication Number 2003/0074698 and Werner,
etal., (2001) PNAS 18:10487-10492, both of which are herein
incorporated by reference.

[0074] Reducing activity of at least one ACC synthase in a
plant can improve the nitrogen stress tolerance of the plant.
Such plants may exhibit maintenance of productivity with
significantly less nitrogen fertilizer input and/or exhibit
enhanced uptake and assimilation of nitrogen fertilizer and/or
exhibit altered remobilization and reutilization of accumu-
lated nitrogen reserves or exhibit any combination of such
characteristics. In addition to an overall increase in yield, the
improvement of nitrogen stress tolerance through the inhibi-
tion of ACC synthase can also result in increased root mass
and/or length, increased ear, leaf, seed and/or endosperm size
and/or improved standability. Accordingly, in some embodi-
ments, the methods further comprise growing said plants
under nitrogen limiting conditions and optionally selecting
those plants exhibiting greater tolerance to the low nitrogen
levels.

[0075] Further, methods and compositions are provided for
improving yield under abiotic stress, which include evaluat-
ing the environmental conditions of an area of cultivation for
abiotic stressors (e.g., low nitrogen levels in the soil) and
growing plants having reduced ethylene synthesis, which in
some embodiments is due to reduced activity of at least one
ACC synthase, in stressful environments.

[0076] The term “low nitrogen conditions™ or “nitrogen
limiting conditions™ as used herein shall be interpreted to
mean any environmental condition in which plant-available
nitrogen is less than would be optimal for expression of
maximum yield potential.

[0077] As used herein, “nucleic acid” includes reference to
a deoxyribonucleotide or ribonucleotide polymer in either
single- or double-stranded form, and unless otherwise lim-
ited, encompasses known analogues having the essential
nature of natural nucleotides in that they hybridize to single-
stranded nucleic acids in a manner similar to naturally occur-
ring nucleotides (e.g., peptide nucleic acids).
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[0078] By “nucleic acid library” is meant a collection of
isolated DNA or RNA molecules which comprise and sub-
stantially represent the entire transcribed fraction of a
genome of a specified organism. Construction of exemplary
nucleic acid libraries, such as genomic and cDNA libraries, is
taught in standard molecular biology references such as
Berger and Kimmel, (1987) Guide To Molecular Cloning
Techniques, from the series Methods in Enzymology, vol. 152,
Academic Press, Inc., San Diego, Calif.; Sambrook, et al.,
(1989) Molecular Cloning: A Laboratory Manual, 2" ed.,
vols. 1-3 and Current Protocols in Molecular Biology,
Ausubel, et al., eds, Current Protocols, a joint venture
between Greene Publishing Associates, Inc. and John Wiley
& Sons, Inc. (1994 Supplement).

[0079] Asusedherein “operably linked” includes reference
to a functional linkage between a first sequence, such as a
promoter, and a second sequence, wherein the promoter
sequence initiates and mediates transcription of the second
sequence. Generally, operably linked means that the nucleic
acid sequences being linked are contiguous and, where nec-
essary to join two protein coding regions, contiguous and in
the same reading frame.

[0080] As used herein, the term “plant” includes reference
to whole plants, plant organs (e.g., leaves, stems, roots, etc.),
seeds and plant cells and progeny of same. Plant cell, as used
herein includes, without limitation, cells in or from seeds,
suspension cultures, embryos, meristematic regions, callus
tissue, leaves, roots, shoots, gametophytes, sporophytes, pol-
len and microspores. The class of plants which can be used in
the methods of the invention is generally as broad as the class
of higher plants amenable to transformation techniques,
including both monocotyledonous and dicotyledonous plants
including species from the genera: Cucurbita, Rosa, Vitis,
Juglans, Fragaria, Lotus, Medicago, Onobrychis, Trifolium,
Trigonella, Vigna, Citrus, Linum, Geranium, Manihot, Dau-
cus, Arvabidopsis, Brassica, Raphanus, Sinapis, Atropa, Cap-
sicum, Datura, Hyoscyamus, Lycopersicon, Nicotiana,
Solanum, Petunia, Digitalis, Majorana, Ciahorium, Helian-
thus, Lactuca, Bromus, Asparagus, Antirrhinum, Heterocal-
lis, Nemesis, Pelargonium, Panieum, Pennisetum, Ranuncu-
lus, Senecio, Salpiglossis, Cucumis, Browaalia, Glycine,
Pisum, Phaseolus, Lolium, Oryza, Avena, Hordeum, Secale,
Allium and Triticum. A particularly preferred plant is Zea
mays.

[0081] As used herein, “yield” may include reference to
bushels per acre of a grain crop at harvest, as adjusted for
grain moisture (typically 15% for maize, for example) and/or
the volume of biomass generated (e.g. for forage crops such
as alfalfa, maize for silage and any species grown for biofuel
production). Biomass is measured as the weight of harvest-
able plant material generated.

[0082] Asusedherein, “polynucleotide” includes reference
to a deoxyribopolynucleotide, ribopolynucleotide or analogs
thereof that have the essential nature of a natural ribonucle-
otide in that they hybridize, under stringent hybridization
conditions, to substantially the same nucleotide sequence as
do the naturally occurring polynucleotides and/or allow
translation into the same amino acid(s) as the naturally occur-
ring nucleotide(s). A polynucleotide can be full-length or a
subsequence of a native or heterologous structural or regula-
tory gene. Unless otherwise indicated, the term includes ref-
erence to the specified sequence as well as the complemen-
tary sequence thereof. Thus, DNAs or RNAs with backbones
modified for stability or for other reasons are “polynucle-
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otides” as that term is intended herein. Moreover, DNAs or
RNAs comprising unusual bases, such as inosine, or modified
bases, such as tritylated bases, to name just two examples, are
polynucleotides as the term is used herein. It will be appreci-
ated that a great variety of modifications have been made to
DNA and RNA that serve many useful purposes known to
those of skill in the art. The term polynucleotide as it is
employed herein embraces such chemically, enzymatically or
metabolically modified forms of polynucleotides, as well as
the chemical forms of DNA and RNA characteristic of viruses
and cells, including inter alia, simple and complex cells.
[0083] The terms “polypeptide,” “peptide” and “protein”
are used interchangeably herein to refer to a polymer of amino
acid residues. The terms apply to amino acid polymers in
which one or more amino acid residue is an artificial chemical
analogue of a corresponding naturally occurring amino acid,
as well as to naturally occurring amino acid polymers.
[0084] As used herein “promoter” includes reference to a
region of DNA upstream from the start of transcription and
involved in recognition and binding of RNA polymerase and/
or other proteins to initiate transcription. A “plant promoter”
is a promoter capable of initiating transcription in plant cells.
Exemplary plant promoters include, but are not limited to,
those that are obtained from plants, plant viruses and bacteria
which comprise genes expressed in plant cells such as Agro-
bacterium or Rhizobium.

[0085] The term “ACS polypeptide” refers to one or more
amino acid sequences of an ACS enzyme. The term is also
inclusive of fragments, variants, homologs, alleles or precur-
sors (e.g., preproproteins or proproteins) thereof. An “ACS
protein” comprises an ACS polypeptide.

[0086] As used herein “recombinant” includes reference to
a cell or vector that has been modified by the introduction of
a heterologous nucleic acid or a cell that is derived from a cell
so modified and maintains the modification. Thus, for
example, recombinant cells express genes that are not found
in identical form within the native (non-recombinant) form of
the cell or express native genes that are otherwise abnormally
expressed, under expressed or not expressed at all, as a result
of deliberate human intervention or may have reduced or
eliminated expression of a native gene. In certain examples,
recombinant cells exhibit reduced expression of one or more
targeted genes or a reduced level or activity of a polypeptide
of interest, relative to the non-recombinant cell. The term
“recombinant™ as used herein does not encompass the alter-
ation of the cell or vector by naturally occurring events (e.g.,
spontaneous mutation, natural transformation/transduction/
transposition) such as those occurring without deliberate
human intervention.

[0087] Asusedherein, a “recombinant expression cassette”
is a nucleic acid construct, generated recombinantly or syn-
thetically, with a series of specified nucleic acid elements,
which permit transcription of a particular nucleic acid in a
target cell. The recombinant expression cassette can be incor-
porated into a plasmid, chromosome, mitochondrial DNA,
plastid DNA, virus or nucleic acid fragment. Typically, the
recombinant expression cassette portion of an expression
vector includes, among other sequences, a nucleic acid to be
transcribed and a promoter.

[0088] The terms “residue” and “amino acid residue” and
“amino acid” are used interchangeably herein to refer to an
amino acid that is incorporated into a protein, polypeptide or
peptide (collectively “protein”). The amino acid may be a
naturally occurring amino acid and, unless otherwise limited,
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may encompass known analogs of natural amino acids that
can function in a similar manner as naturally occurring amino
acids.

[0089] The term “selectively hybridizes™ includes refer-
ence to hybridization, under stringent hybridization condi-
tions, of a nucleic acid sequence to a specified nucleic acid
target sequence to a detectably greater degree (e.g., at least
2-fold over background) than its hybridization to non-target
nucleic acid sequences and to the substantial exclusion of
non-target nucleic acids. Selectively hybridizing sequences
typically have about at least 40% sequence identity, often
60-90% sequence identity and may have 100% sequence
identity (i.e., are complementary) with each other.

[0090] The terms “stringent conditions” or “stringent
hybridization conditions” include reference to conditions
under which a probe will hybridize to its target sequence, to a
detectably greater degree than other sequences (e.g., at least
2-fold over background). Stringent conditions are sequence-
dependent and will be different in different circumstances. By
controlling the stringency of the hybridization and/or wash-
ing conditions, target sequences can be identified which can
be up to 100% complementary to the probe (homologous
probing). Alternatively, stringency conditions can be adjusted
to allow some mismatching in sequences so that lower
degrees of similarity are detected (heterologous probing).
Optimally, the probe is approximately 500 nucleotides in
length, but can vary greatly in length from less than 500
nucleotides to equal to the entire length of the target sequence.

[0091] Typically, stringent conditions will be those in
which the salt concentration is less than about 1.5 M Na ion,
typically about 0.01 to 1.0 M Na ion concentration (or other
salts) at pH 7.0 to 8.3 and the temperature is at least about 30°
C. for short probes (e.g., 10 to 50 nucleotides) and at least
about 60° C. for long probes (e.g., greater than 50 nucle-
otides). Stringent conditions may also be achieved with the
addition of destabilizing agents such as formamide or Den-
hardt’s. Exemplary low stringency conditions include hybrid-
ization with a buffer solution of 30 to 35% formamide, 1 M
NaCl, 1% SDS (sodium dodecyl sulphate) at 37° C. and a
wash in 1x to 2xSSC (20xSSC=3.0 M NaCl/0.3 M trisodium
citrate) at 50 to 55° C. Exemplary moderate stringency con-
ditions include hybridization in 40 to 45% formamide, 1 M
NaCl, 1% SDS at 37° C. and a wash in 0.5x to 1xSSC at 55 to
60° C. Exemplary high stringency conditions include hybrid-
ization in 50% formamide, 1 M NaCl, 1% SDS at 37° C. and
awash in 0.1xSSC at 60 to 65° C. Specificity is typically the
function of post-hybridization washes, the critical factors
being the ionic strength and temperature of the final wash
solution. For DNA-DNA hybrids, the T,, can be approxi-
mated from the equation of Meinkoth and Wahl, (1984) Anal.
Biochem., 138:267-84: T, =81.5° C.+16.6 (log M)+0.41 (%
GC)-0.61 (% form)-500/L; where M is the molarity of
monovalent cations, % GC is the percentage of guanosine and
cytosine nucleotides in the DNA, % form is the percentage of
formamide in the hybridization solution and L is the length of
the hybrid in base pairs. The T,, is the temperature (under
defined ionic strength and pH) at which 50% of a comple-
mentary target sequence hybridizes to a perfectly matched
probe. T, is reduced by about 1° C. for each 1% of mismatch-
ing; thus, T,,, hybridization and/or wash conditions can be
adjusted to hybridize to sequences of the desired identity. For
example, if sequences with >90% identity are sought, the T,
can be decreased 10° C. Generally, stringent conditions are
selected to be about 5° C. lower than the thermal melting point
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(T,,) forthe specific sequence and its complement at a defined
ionic strength and pH. However, severely stringent conditions
can utilize a hybridization and/or wash at 1,2, 3 or 4° C. lower
than the thermal melting point (T,,); moderately stringent
conditions can utilize a hybridization and/or wash at 6, 7, 8, 9
or 10° C. lower than the thermal melting point (T,,); low
stringency conditions can utilize a hybridization and/or wash
at 11,12, 13, 14, 15 or 20° C. lower than the thermal melting
point (T ). Using the equation, hybridization and wash com-
positions and desired T,,, those of ordinary skill will under-
stand that variations in the stringency of hybridization and/or
wash solutions are inherently described. If the desired degree
of mismatching results in a T,, of less than 45° C. (aqueous
solution) or 32° C. (formamide solution) it is preferred to
increase the SSC concentration so that a higher temperature
can be used. An extensive guide to the hybridization of
nucleic acids is found in Tijssen, Laboratory Techniques in
Biochemistry and Molecular Biology—Hybridization with
Nucleic Acid Probes, part 1, chapter 2, “Overview of prin-
ciples of hybridization and the strategy of nucleic acid probe
assays,” Elsevier, New York (1993) and Current Protocols in
Molecular Biology, chapter 2, Ausubel, et al., eds, Greene
Publishing and Wiley-Interscience, New York (1995).
[0092] As used herein, “transgenic plant” includes refer-
ence to a plant which comprises within its genome a heter-
ologous polynucleotide. Generally, the heterologous poly-
nucleotide is stably integrated within the genome such that
the polynucleotide is passed on to successive generations.
The heterologous polynucleotide may be integrated into the
genome alone or as part of a recombinant expression cassette.
“Transgenic” is used herein to include any cell, cell line,
callus, tissue, plant part or plant, the genotype of which has
been altered by the presence of heterologous nucleic acid
including those transgenics initially so altered as well as those
created by sexual crosses or asexual propagation from the
initial transgenic. The term “transgenic” as used herein does
not encompass the alteration of the genome (chromosomal or
extra-chromosomal) by conventional plant breeding methods
or by naturally occurring events such as random cross-fertili-
zation, non-recombinant viral infection, non-recombinant
bacterial transformation, non-recombinant transposition or
spontaneous mutation.

[0093] As used herein, “vector” includes reference to a
nucleic acid used in transfection of a host cell and into which
can be inserted a polynucleotide. Vectors are often replicons.
Expression vectors permit transcription of a nucleic acid
inserted therein.

[0094] The following terms are used to describe the
sequence relationships between two or more nucleic acids or
polynucleotides or polypeptides: (a) “reference sequence,”
(b) “comparison window,” (c) “sequence identity,” (d) “per-
centage of sequence identity” and (e) “substantial identity.”
[0095] As used herein, “reference sequence” is a defined
sequence used as a basis for sequence comparison. A refer-
ence sequence may be a subset or the entirety of a specified
sequence; for example, a segment of a full-length cDNA or
gene sequence or the complete cDNA or gene sequence.
[0096] As used herein, “comparison window” includes ref-
erence to a contiguous and specified segment of a polynucle-
otide sequence, wherein the polynucleotide sequence may be
compared to a reference sequence and wherein the portion of
the polynucleotide sequence in the comparison window may
comprise additions or deletions (i.e., gaps) compared to the
reference sequence (which does not comprise additions or
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deletions) for optimal alignment of the two sequences. Gen-
erally, the comparison window is at least 20 contiguous
nucleotides in length, and optionally can be 30, 40, 50, 100 or
more nucleotides. Those of skill in the art understand that to
avoid inference of inappropriately high similarity to a refer-
ence sequence, a gap penalty is typically introduced and is
subtracted from the number of matches.

[0097] Methods of alignment of nucleotide and amino acid
sequences for comparison are well known in the art, such as
the local homology algorithm (BESTFIT) of Smith and
Waterman, (1981) Adv. Appl. Math 2:482, which may con-
duct optimal alignment of sequences for comparison; the
homology alignment algorithm (GAP) of Needleman and
Wunsch, (1970) J. Mol. Biol. 48:443-53; the search for simi-
larity method (Tfasta and Fasta) of Pearson and Lipman,
(1988) Proc. Natl. Acad. Sci. USA 85:2444 and computerized
implementations of these algorithms, including, but not lim-
ited to: CLUSTAL in the PC/Gene program by Intelligenet-
ics, Mountain View, Calif., GAP, BESTFIT, BLAST, FASTA
and TFASTA in the Wisconsin Genetics Software Package®,
Version 8 (available from Genetics Computer Group (GCG®
programs, Accelrys, Inc., San Diego, Calif.)). The CLUSTAL
program is well described by Higgins and Sharp, (1988) Gene
73:237-44; Higgins and Sharp, (1989) CABIOS 5:151-3; Cor-
pet, et al., (1988) Nucleic Acids Res. 16:10881-90; Huang, et
al., (1992) Computer Applications in the Biosciences 8:155-
65 and Pearson, et al., (1994) Meth. Mol. Biol. 24:307-31. The
preferred program to use for optimal global alignment of
multiple sequences is PileUp (Feng and Doolittle, (1987) J.
Mol. Evol., 25:351-60 which is similar to the method
described by Higgins and Sharp, (1989) CABIOS 5:151-53
and hereby incorporated by reference). The BLAST family of
programs which can be used for database similarity searches
includes: BLASTN for nucleotide query sequences against
nucleotide database sequences; BLASTX for nucleotide
query sequences against protein database sequences;
BLASTP for protein query sequences against protein data-
base sequences; TBLASTN for protein query sequences
against nucleotide database sequences and TBLASTX for
nucleotide query sequences against nucleotide database
sequences. See, Current Protocols in Molecular Biology,
Chapter 19, Ausubel et al., eds., Greene Publishing and
Wiley-Interscience, New York (1995).

[0098] Default gap creation penalty values and gap exten-
sion penalty values in Version 10 of the Wisconsin Genetics
Software Package® are 8 and 2, respectively. The gap cre-
ation and gap extension penalties can be expressed as an
integer selected from the group of integers consisting of from
0 to 100. Thus, for example, the gap creation and gap exten-
sion penalties can be 0, 1,2,3,4,5,6,7, 8,9, 10, 15, 20, 30,
40, 50 or greater. GAP presents one member of the family of
best alignments. There may be many members of this family,
but no other member has a better quality. GAP displays four
figures of merit for alignments: Quality, Ratio, Identity and
Similarity. The Quality is the metric maximized in order to
align the sequences. Ratio is the quality divided by the num-
ber of bases in the shorter segment. Percent Identity is the
percent of the symbols that actually match. Percent Similarity
is the percent of the symbols that are similar. Symbols that are
across from gaps are ignored. A similarity is scored when the
scoring matrix value for a pair of symbols is greater than or
equal to 0.50, the similarity threshold. The scoring matrix
used in Version 10 of the Wisconsin Genetics Software Pack-
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age® is BLOSUMG62 (see, Henikoff and Henikoff, (1989)
Proc. Natl. Acad. Sci. USA 89:10915).

[0099] Unless otherwise stated, sequence identity/similar-
ity values provided herein refer to the value obtained using the
BLAST 2.0 suite of programs using default parameters (Alts-
chul, et al., (1997) Nucleic Acids Res. 25:3389-402).

[0100] As those of ordinary skill in the art will understand,
BLAST searches assume that proteins can be modeled as
random sequences. However, many real proteins comprise
regions of nonrandom sequences, which may be homopoly-
meric tracts, short-period repeats or regions enriched in one
or more amino acids. Such low-complexity regions may be
aligned between unrelated proteins even though other regions
of the protein are entirely dissimilar. A number of low-com-
plexity filter programs can be employed to reduce such low-
complexity alignments. For example, the SEG (Wooten and
Federhen, (1993) Comput. Chem. 17:149-63) and XNU (Cla-
verie and States, (1993) Comput. Chem. 17:191-201) low-
complexity filters can be employed alone or in combination.
[0101] As used herein, “sequence identity” or “identity” in
the context of two nucleic acid or polypeptide sequences
includes reference to the residues in the two sequences, which
are the same when aligned for maximum correspondence
over a specified comparison window. When percentage of
sequence identity is used in reference to proteins it is recog-
nized that residue positions which are not identical often
differ by conservative amino acid substitutions, where amino
acid residues are substituted for other amino acid residues
with similar chemical properties (e.g., charge or hydropho-
bicity) and therefore do not change the functional properties
of'the molecule. Where sequences differ in conservative sub-
stitutions, the percent sequence identity may be adjusted
upwards to correct for the conservative nature of the substi-
tution. Sequences, which differ by such conservative substi-
tutions, are said to have “sequence similarity” or “similarity.”
Means for making this adjustment are well known to those of
skill in the art. Typically this involves scoring a conservative
substitution as a partial rather than a full mismatch, thereby
increasing the percentage sequence identity. Thus, for
example, where an identical amino acid is given a score of 1
and a non-conservative substitution is given a score of zero, a
conservative substitution is given a score between zero and 1.
The scoring of conservative substitutions is calculated, e.g.,
according to the algorithm of Meyers and Miller, (1988)
Computer Applic. Biol. Sci. 4:11-17, e.g., as implemented in
the program PC/GENE (Intelligenetics, Mountain View,
Calif., USA).

[0102] As used herein, “percentage of sequence identity”
means the value determined by comparing two optimally
aligned sequences over a comparison window, wherein the
portion of the polynucleotide sequence in the comparison
window may comprise additions or deletions (i.e., gaps) as
compared to the reference sequence (which does not com-
prise additions or deletions) for optimal alignment of the two
sequences. The percentage is calculated by determining the
number of positions at which the identical nucleic acid base or
amino acid residue occurs in both sequences to yield the
number of matched positions, dividing the number of
matched positions by the total number of positions in the
window of comparison and multiplying the result by 100 to
yield the percentage of sequence identity.

[0103] The term “substantial identity” of polynucleotide
sequences means that a polynucleotide comprises a sequence
that has between 50-100% sequence identity, such as at least
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50% 60%, 70%, 80%, 90% or 95% sequence identity, com-
pared to a reference sequence using one of the alignment
programs described using standard parameters. One of skill
will recognize that these values can be appropriately adjusted
to determine corresponding identity of proteins encoded by
two nucleotide sequences by taking into account codon
degeneracy, amino acid similarity, reading frame positioning
and the like. Substantial identity of amino acid sequences for
these purposes normally means sequence identity of between
55-100%, such as 55%, 60%, 70%, 80%, 90% or 95%.
[0104] Another indication that nucleotide sequences are
substantially identical is that two molecules hybridize to each
other under stringent conditions. The degeneracy of the
genetic code allows for many nucleic acid substitutions that
lead to variety in the nucleotide sequence that code for the
same amino acid, hence it is possible that two DNA sequences
could code for the same polypeptide but not hybridize to each
other under stringent conditions. This may occur, e.g., when
a copy of a nucleic acid is created using the maximum codon
degeneracy permitted by the genetic code. One indication that
two nucleic acid sequences are substantially identical is that
the polypeptide which the first nucleic acid encodes is immu-
nologically cross reactive with the polypeptide encoded by
the second nucleic acid.

[0105] The terms “substantial identity” in the context of a
peptide indicates that a peptide comprises a sequence with
between 55-100% sequence identity to a reference sequence,
such as 55%, 60%, 70%, 80%, 85%, 90% or 95% sequence
identity to the reference sequence over a specified compari-
son window. Preferably, optimal alignment is conducted
using the homology alignment algorithm of Needleman and
Wunsch, supra. An indication that two peptide sequences are
substantially identical is that one peptide is immunologically
reactive with antibodies raised against the second peptide.
Thus, a peptide is substantially identical to a second peptide,
for example, where the two peptides differ only by a conser-
vative substitution. In addition, a peptide can be substantially
identical to a second peptide when they differ by a non-
conservative change if the epitope that the antibody recog-
nizes is substantially identical. Peptides which are “substan-
tially similar” share sequences as noted above except that
residue positions which are not identical may differ by con-
servative amino acid changes.

Construction of Nucleic Acids

[0106] The isolated nucleic acids can be made using: (a)
standard recombinant methods, (b) synthetic techniques or
(c) combinations thereof. In some embodiments, the poly-
nucleotides will be cloned, amplified or otherwise con-
structed from plants, fungi or bacteria.

[0107] A nucleic acid, excluding the polynucleotide
sequence, is optionally a vector, adapter or linker for cloning
and/or expression of a polynucleotide. Additional sequences
may be added to such cloning and/or expression sequences to
optimize their function in cloning and/or expression, to aid in
isolation of the polynucleotide or to improve the introduction
of the polynucleotide into a cell. For example one may use
recombination sites, such as FRT sites, for creation and iso-
lation of the polynucleotides of the invention, as disclosed in
US Patent Application Publication Number 2008/0202505.
Examples of recombination sites are known in the art and
include FRT sites (See, for example, Schlake and Bode,
(1994) Biochemistry 33:12746-12751; Huang, et al., (1991)
Nucleic Acids Research 19:443-448; Sadowski, (1995) In
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Progress in Nucleic Acid Research and Molecular Biology
vol. 51, pp. 53-91; Cox, (1989) In Mobile DNA, Berg and
Howe, (eds) American Society of Microbiology, Washington
D.C.,pp. 116-670; Umlautfand Cox, (1988) The EMBO Jour-
nal 7:1845-1852; Buchholz, et al., (1996) Nucleic Acids
Research 24:3118-3119; Kilby, et al., (1993) Trends Genet.
9:413-421; Rossant and Geagy, (1995) Nat. Med. 1:592-594;
Albert, etal., (1995) The Plant Journal 7:649-659; Bayley, et
al., (1992) Plant Mol. Biol. 18:353-361; Odell, et al., (1990)
Mol. Gen. Genet. 223:369-378 and Dale and Ow, (1991)
Proc. Natl. Acad. Sci. USA 88:10558-105620, all of which are
herein incorporated by reference); Lox (Albert, et al., (1995)
Plant J. 7:649-659; Qui, et al., (1994) Proc. Natl. Acad. Sci.
USA 91:1706-1710; Stuurman, et al., (1996) Plant Mol. Biol.
32:901-913; Odell, et al., (1990) Mol. Gen. Genet. 223:369-
378; Dale, et al., (1990) Gene 91:79-85 and Bayley, et al.,
(1992) Plant Mol. Biol. 18:353-361; Vega, et al., (2008) Plant
Mol. Biol. 66(6):587-598).

[0108] Site-specific recombinases like FLP cleave and reli-
gate DNA at specific target sequences, resulting in a precisely
defined recombination between two identical sites. To func-
tion, the system needs the recombination sites and the recom-
binase. No auxiliary factors are needed. Thus, the entire sys-
tem can be inserted into and function in plant cells.
Engineering FLP/FRT sites within, or adjacent to, the hairpin
structure may facilitate excision of selectable markers and
other vector backbone sequence from a host cell.

[0109] Use of cloning vectors, expression vectors, adapters
and linkers is well known in the art. Exemplary nucleic acids
include such vectors as: M13, lambda ZAP Express, lambda
ZAP 11, lambda gt10, lambda gt11, pPBK-CMV, pBK-RSV,
pBluescript 11, lambda DASH 11, lambda EMBL 3, lambda
EMBL 4, pWE15, SuperCos 1, SurfZap, Uni-ZAP, pBC,
pBS+/-, pSGS, pBK, pCR-Script, pET, pSPUTK, p3'SS,
pGEM, pSK+/-, pGEX, pSPORTI and II, pOPRSVI CAT,
pOPI3 CAT, pXT1, pSGS, pPbac, pMbac, pMClneo, pOG44,
pOG45, pFRTRGAL, pNEOBRGAL, pRS403, pRS404,
pRS405, pRS406, pRS413, pRS414, pRS415, pRS416,
lambda MOSSIlox and lambda MOSElox. Optional vectors
for the present invention, include but are not limited to,
lambda ZAP II and pGEX. For a description of various
nucleic acids see, e.g., Stratagene Cloning Systems, Catalogs
1995, 1996, 1997 (La Jolla, Calif.) and Amersham Life Sci-
ences, Inc, Catalog *97 (Arlington Heights, I11.).

Synthetic Methods for Constructing Nucleic Acids

[0110] The isolated nucleic acids can also be prepared by
direct chemical synthesis as known in the art. Chemical syn-
thesis generally produces a single stranded oligonucleotide.
This may be converted into double stranded DNA by hybrid-
ization with a complementary sequence or by polymerization
with a DNA polymerase using the single strand as a template.
Longer sequences may be obtained by the ligation of shorter
sequences.

UTRs and Codon Preference

[0111] Ingeneral, translational efficiency has been found to
be regulated by specific sequence elements in the 5' non-
coding or untranslated region (5' UTR) of the RNA. Positive
sequence motifs include translational initiation consensus
sequences (Kozak, (1987) Nucleic Acids Res. 15:8125) and
the 5<G>7 methyl GpppG RNA cap structure (Drummond, et
al., (1985) Nucleic Acids Res. 13:7375). Negative elements
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include stable intramolecular 5' UTR stem-loop structures
(Muesing, et al., (1987) Cell 48:691) and AUG sequences or
short open reading frames preceded by an appropriate AUG in
the 5' UTR (Kozak, supra, Rao, et al., (1988) Mol. and Cell.
Biol. 8:284). Accordingly, the present invention provides 5'
and/or 3' UTR regions for modulation of translation of heter-
ologous coding sequences.

[0112] Further, the polypeptide-encoding segments of the
polynucleotides can be modified to alter codon usage. Altered
codon usage can be employed to alter translational efficiency
and/or to optimize the coding sequence for expression in a
desired host or to optimize the codon usage in a heterologous
sequence for expression in maize. Codon usage in the coding
regions of the polynucleotides can be analyzed statistically
using commercially available software packages such as
“Codon Preference” available from the University of Wiscon-
sin Genetics Computer Group. See, Devereaux, et al., (1984)
Nucleic Acids Res. 12:387-395) or MacVector 4.1 (Eastman
Kodak Co., New Haven, Conn.). The number of polynucle-
otides (3 nucleotides per amino acid) that can be used to
determine a codon usage frequency can be any integer from 3
to the number of polynucleotides tested. Optionally, the poly-
nucleotides will be full-length sequences. An exemplary
number of sequences for statistical analysis can be at least 1,
5, 10, 20, 50 or 100.

Recombinant Expression Cassettes

[0113] The present invention further provides recombinant
expression cassettes comprising a nucleic acid. A recombi-
nant expression cassette will typically comprise a polynucle-
otide operably linked to transcriptional initiation regulatory
sequences which will direct the transcription of the poly-
nucleotide in the intended host cell, such as tissues of a
transformed plant.

[0114] For example, plant expression vectors may include:
(1) a cloned plant gene under the transcriptional control of 5'
and 3' regulatory sequences and (2) a dominant selectable
marker. Such plant expression vectors may also contain, if
desired, a promoter regulatory region (e.g., one conferring
inducible or constitutive, environmentally- or developmen-
tally-regulated or cell- or tissue-specific/preferred expres-
sion), a transcription initiation start site, a ribosome binding
site, an RNA processing signal, a transcription termination
site and/or a polyadenylation signal.

[0115] A plant promoter fragment can be employed which
will direct expression of a polynucleotide in all, or nearly all,
tissues of a regenerated plant. Such promoters are referred to
herein as “constitutive” promoters and are active under most
environmental conditions and states of development or cell
differentiation. Examples of constitutive promoters include
the 1'- or 2'-promoter derived from T-DNA of Agrobacterium
tumefaciens, the Smas promoter, the cinnamyl alcohol dehy-
drogenase promoter (U.S. Pat. No. 5,683,439), the Nos pro-
moter, the rubisco promoter, the GRP1-8 promoter, the 35S
promoter from cauliflower mosaic virus (CaMV), as
described in Odell, et al., (1985) Nature 313:810-2; rice actin
(McElroy, et al., (1990) Plant Cell 163-171); ubiquitin
(Christensen, et al., (1992) Plant Mol. Biol. 12:619-632 and
Christensen, et al., (1992) Plant Mol. Biol. 18:675-89);
pEMU (Last, et al., (1991) Theor. Appl. Genet. 81:581-8);
MAS (Velten, et al., (1984) EMBO J. 3:2723-30) and maize
H3 histone (Lepetit, et al., (1992) Mol. Gen. Genet. 231:276-
85 and Atanassvoa, et al., (1992) Plant Journal 2(3):291-
300); ALS promoter, as described in PCT Application Num-
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ber WO 1996/30530 and other transcription initiation regions
from various plant genes known to those of skill in the art.
[0116] Tissue preferred, cell type preferred, developmen-
tally regulated and inducible promoters are examples of “non-
constitutive” promoters.

[0117] Tissue-preferred promoters can be utilized to target
expression within a particular plant tissue. By “tissue-pre-
ferred” is intended to mean that expression is predominantly
in a particular tissue, albeit not necessarily exclusively in that
tissue. Examples include promoters that preferentially ini-
tiate transcription in leaves, roots, seeds, endosperm, fibers,
xylem vessels, tracheids or sclerenchyma. Certain tissue-
preferred promoters may drive expression only in photosyn-
thetic (“green”) tissue. Tissue-preferred promoters include
Yamamoto, et al., (1997) Plant J. 12(2):255-265; Kawamata,
et al., (1997) Plant Cell Physiol. 38(7):792-803; Hansen, et
al., (1997) Mol. Gen. Genet. 255(3):337-353; Russell, et al.,
(1997) Transgenic Res. 6(2):157-168; Rinehart, etal., (1996)
Plant Physiol. 112(3):1331-1351; Van Camp, et al., (1996)
Plant Physiol. 112(2):525-535; Canevascini, et al., (1996)
Plant Physiol. 112(2):513-525; Yamamoto, et al., (1995)
Plant Cell Physiol. 35(5):773-778; Lam, (1995) Resuits
Probl. Cell Differ. 20:181-196; Orozco, et al., (1993) Plant
Mol. Biol. 23(6):1129-1138; Matsuoka, et al., (1993) Proc
Natl. Acad. Sci. US4 90(20):9586-9590; the maize glb1 pro-
moter (GenBank [.22344) and Guevara-Garcia, et al., (1993)
Plant J. 5(3):595-505. Such promoters can be modified, if
necessary, for weak expression. See, also, US Patent Appli-
cation Number 2003/0074698, herein incorporated by refer-
ence.

[0118] Shoot-preferred promoters include, shoot mer-
istem-preferred promoters such as promoters disclosed in
Weigal, et al., (1992) Cell 69:853-859; Accession Number
AJ131822; Accession Number Z71981; Accession Number
AF059870, the ZAP promoter (U.S. patent application Ser.
No. 10/387,937), the maize tb1 promoter (Wang, etal., (1999)
Nature 398:236-239 and shoot-preferred promoters disclosed
in McAvoy, et al., (2003) Acta Hort. (ISHS) 625:379-385.
[0119] Root-preferred promoters are known and can be
selected from the many available from the literature or iso-
lated de novo from various compatible species. See, for
example, Hire, et al., (1992) Plant Mol. Biol. 20(2):207-218
(soybean root-specific glutamine synthetase gene); Keller
and Baumgartner, (1991) Plant Cell 3(10):1051-1061 (root-
specific control element in the GRP 1.8 gene of French bean);
Sanger, et al., (1990) Plant Mol. Biol. 15(3):533-553 (root-
specific promoter of the mannopine synthase (MAS) gene of
Agrobacterium tumefaciens) and Miao, et al., (1991) Plant
Cell 3(1):11-22 (full-length cDNA clone encoding cytosolic
glutamine synthetase (GS), which is expressed in roots and
root nodules of soybean). See also, Bogusz, et al., (1990)
Plant Cell 2(7):633-651; Leach and Aoyagi, (1991) Plant
Science (Limerick) 79(1):69-76); Teeri, et al., (1989) EMBO
J. 8(2):353-350. Additional root-preferred promoters include
the VIENOD-GRP3 gene promoter (Kuster, et al., (1995)
Plant Mol. Biol. 29(5):759-772); rolB promoter (Capana, et
al., (1995) Plant Mol. Biol. 25(5):681-691 and the CRWAQ81
root-preferred promoter with the ADH first intron (U.S. Pat.
No. 7,411,112). See also, U.S. Pat. Nos. 5,837,876; 5,750,
386; 5,633,363; 5,559,252; 5,501,836; 5,110,732 and 5,023,
179.

[0120] A “cell type”-specific or cell type-preferred pro-
moter primarily drives expression in certain cell types in one
or more organs, for example, vascular cells in roots or leaves
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or mesophyll cells. A mesophyllic cell preferred promoter
includes, but is not limited to, known phosphoenopyruvate
decarboxylase (PEPC) promoters or putative PEPC promot-
ers from any number of species, for example, Zea mays,
Oryza sativa, Arabidopsis thaliana, Glycine max or Sorghum
bicolor. Examples include Zea mays PEPC of GenBank
Accession Number gi:116268332_HTG AC190686 and
gCAT GSS composite sequence; Oryza sativa PEPC of Gen-
Bank Accession Number gil208044521dbjlAP003052.31;
Arabidopsis thaliana PEPC of GenBank Accession Number
2il55416531dbjIAP000370.11AP000370;  gi:7769847 or
£11201980701gbl AC007087.7; Glycine max (GSS contigs) or
Sorghum bicolor (JGI assembly scaffold 832, 89230 bp.,
JGI assembly scaffold_ 1632, (1997) Plant J. 12(2):255-265;
Kwon, et al., (1995) Plant Physiol. 105:357-67; Yamamoto,
etal., (1995) Plant Cell Physiol. 35(5):773-778; Gotor, et al.,
(1993) Plant J. 3:509-18; Orozco, et al., (1993) Plant Mol.
Biol. 23(6):1129-1138; Baszczynski, etal., (1988) Nucl. Acid
Res. 16:5732; Mitra, et al., (1995) Plant Molecular Biology
26:35-93; Kayaya, et al., (1995) Molecular and General
Genetics 258:668-675 and Matsuoka, et al., (1993) Proc.
Natl. Acad. Sci. USA 90(20):9586-9590.

[0121] The plant promoter may be under more precise envi-
ronmental control, e.g. the promoter may initiate transcrip-
tion of an operably-linked gene in response to an external
stimulus. Such promoters are referred to here as “inducible”
promoters. Environmental conditions that may effect tran-
scription by inducible promoters include pathogen attack,
anaerobic conditions or the presence of light. Examples of
inducible promoters are the Adhl promoter, which is induc-
ible by hypoxia or cold stress; the Hsp70 promoter, which is
inducible by heat stress; the PPDK promoter, which is induc-
ible by light and abiotic-stress-inducible promoters rabl7
(Vilardell, et al., (1991) Plant Mol. Biol. 17(5):985-993);
rd29a (Yamaguchi-Shinozaki, et al., (1993) Mol. Gen. Genet.
236:331-340) and KT250 (US Patent Publication Number
2009/0229014); see also, US Patent Publication Number
2004/0123347.

[0122] A developmentally regulated promoter may have
both a temporal and a spatial limitation, for example, a pro-
moter that drives expression in specific tissue types during
pollen development or during inflorescence development.
See, e.g., US Patent Publication Numbers 2007/0234444 and
2009/0094713. Another example is a senescence regulated
promoter, such as SAM22 (Crowell, et al., (1992) Plant Mol.
Biol. 18:559-566); see also, U.S. Pat. No. 5,589,052.

[0123] Examples of promoters under developmental con-
trol include promoters that initiate transcription only, or pref-
erentially, in certain tissues, such as leaves, roots, fruit, seeds
or flowers. The operation of a promoter may also vary
depending on its location in the genome. Thus, an inducible
promoter may become fully or partially constitutive in certain
locations.

[0124] Ifpolypeptide expression is desired, a polyadenyla-
tion region is often included at the 3'-end of a polynucleotide
coding region. The polyadenylation region can be derived
from a variety of plant genes or from T-DNA. The sequence to
be added can be derived from, for example, the nopaline
synthase or octopine synthase genes or alternatively from
another plant gene or less preferably from any other eukary-
otic gene. Examples of such regulatory elements include, but
are not limited to, 3' termination and/or polyadenylation
regions such as those of the Agrobacterium tumefaciens
nopaline synthase (nos) gene (Bevan, et al., (1983) Nucleic
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Acids Res. 12:369-85); the potato proteinase inhibitor II (PI-
NII) gene (Keil, et al., (1986) Nucleic Acids Res. 14:5641-50
and An, etal., (1989) Plant Cell 1:115-22) and the CaMV 198
gene (Mogen, et al., (1990) Plant Cell 2:1261-72).

[0125] An intron sequence can be added to the 5' untrans-
lated region or the coding sequence or the partial coding
sequence to increase the amount of the mature message that
accumulates in the cytosol; for example, the maize Adhl and
Bz1 introns (Callis, et al., (1987) Genes Dev. 1:1183-1200).
Inclusion of a spliceable intron in the transcription unit in
expression constructs has been shown to increase gene
expression at both the mRNA and protein levels (if appli-
cable) up to 1000-fold (Buchman and Berg, (1988) Mol. Cell.
Biol. 8:4395-4405). Such intron enhancement of gene expres-
sion is typically greatest when placed near the 5' end of the
transcription unit. For a review, see Simpson and Filipowicz,
(1996) Plant Mol. Biol. 32:1-41.

[0126] Plant signal sequences include, but are not limited
to, signal-peptide encoding DNA/RNA sequences which tar-
get proteins to the extracellular matrix of the plant cell
(Dratewka-Kos, et al., (1989) J. Biol. Chem. 264:4896-900),
such as the Nicotiana plumbaginifolia extension gene (De-
Loose, et al., (1991) Gene 99:95-100); signal peptides which
target proteins to the vacuole, such as the sweet potato
sporamin gene (Matsuka, et al., (1991) Proc. Natl. Acad. Sci.
USA 88:834) and the barley lectin gene (Wilkins, et al.,
(1990) Plant Cell, 2:301-13); signal peptides which cause
proteins to be secreted, such as that of PRIb (Lind, et al.,
(1992) Plant Mol. Biol. 18:47-53) or barley alpha amylase
(BAA) (Rahmatullah, et al., (1989) Plant Mol. Biol. 12:119)
or signal peptides which target proteins to the plastids such as
that of rapeseed enoyl-Acp reductase (Verwaert, et al., (1994)
Plant Mol. Biol. 26:189-202).

[0127] A vector comprising the sequences of a polynucle-
otide ofthe present invention will typically comprise a marker
gene which confers a selectable phenotype on plant cells. The
selectable marker gene may encode antibiotic resistance, with
suitable genes including genes coding for resistance to the
antibiotic spectinomycin (e.g., the aada gene), the streptomy-
cin phosphotransferase (SPT) gene coding for streptomycin
resistance, the neomycin phosphotransferase (NPTII) gene
encoding kanamycin or geneticin resistance, the hygromycin
phosphotransferase (HPT) gene coding for hygromycin resis-
tance. Also useful are genes coding for resistance to herbi-
cides which act to inhibit the action of acetolactate synthase
(ALS), in particular the sulfonylurea-type herbicides (e.g.,
the acetolactate synthase (ALS) gene containing mutations
leading to such resistance in particular the S4 and/or Hra
mutations), genes coding for resistance to herbicides which
act to inhibit action of glutamine synthase, such as phosphi-
nothricin or basta (e.g., the bar gene) or other such genes
known in the art. The bar gene encodes resistance to the
herbicide basta and the ALS gene encodes resistance to the
herbicide chlorsulfuron. Also useful are genes encoding
resistance to glyphosate; see, for example, U.S. Pat. Nos.
7,462,481, 7,531,339; 7,405,075; 7,666,644; 7,622,641 and
7,714,188. Typical vectors useful for expression of genes in
higher plants are well known in the art and include vectors
derived from the tumor-inducing (T1) plasmid of Agrobacte-
rium tumefaciens described by Rogers, et al., (1987), Meth.
Enzymol. 153:253-77. These vectors are plant integrating
vectors in that on transformation, the vectors integrate a por-
tion of vector DNA into the genome of the host plant. Exem-
plary A. tumefaciens vectors useful herein are plasmids
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pKYLXG6 and pKYLX7 of Schardl, et al., (1987) Gene 61:1-
11 and Berger, et al., (1989) Proc. Natl. Acad. Sci. USA,
86:8402-6. Another useful vector herein is plasmid pBI1101.2,
available from CLONTECH Laboratories, Inc. (Palo Alto,
Calif.).

Expression of Sequences in Host Cells

[0128] One may express a polynucleotide in a recombi-
nantly engineered cell such as bacteria, yeast, insect or pref-
erably plant cell. The cell produces the polynucleotide in a
non-natural condition (e.g., altered in quantity, composition,
location and/or time), because it has been genetically altered
through human intervention to do so.

[0129] Itis expected that those of skill in the art are knowl-
edgeable in the numerous expression systems available for
expression of a polynucleotide. No attempt will be made to
describe in detail all the various methods known for expres-
sion in prokaryotes or eukaryotes.

[0130] In brief summary, the expression of isolated poly-
nucleotides will typically be achieved by operably linking,
for example, the DNA or cDNA to a promoter, followed by
incorporation into an expression vector. The vector can be
suitable for replication and integration in either prokaryotes
or eukaryotes. Typical expression vectors contain transcrip-
tion and translation terminators, initiation sequences and pro-
moters useful for regulation of the expression of the DNA. To
obtain high level expression of a cloned gene, it is desirable to
construct expression vectors which contain, at the minimum,
a promoter such as ubiquitin to direct transcription, a ribo-
some binding site for translational initiation and a transcrip-
tion/translation terminator. Constitutive promoters are clas-
sified as providing for a range of constitutive expression.
Thus, some are weak constitutive promoters and others are
strong constitutive promoters. See, for example, U.S. Pat. No.
6,504,083. Generally, by “weak promoter” is intended a pro-
moter that drives expression of a coding sequence at a low
level. By “low level” is intended at levels of about Yio0,000
transcripts to about Yioo000 transcripts to about /1;500,000
transcripts. Conversely, a “strong promoter” drives expres-
sion of a coding sequence at a “high level” or about %o
transcripts to about Yioo transcripts to about /1,000 transcripts.

Expression in Prokaryotes

[0131] Prokaryotic cells may be used as hosts for expres-
sion. Prokaryotes most frequently are represented by various
strains of . coli; however, other microbial strains may also be
used. Commonly used prokaryotic control sequences which
are defined herein to include promoters for transcription ini-
tiation, optionally with an operator, along with ribosome
binding site sequences, include such commonly used promot-
ers as the beta lactamase (penicillinase) and lactose (lac)
promoter systems (Chang, et al., (1977) Nature 198:1056),
the tryptophan (trp) promoter system (Goeddel, et al., (1980)
Nucleic Acids Res. 8:4057) and the lambda derived P L pro-
moter and N-gene ribosome binding site (Shimatake, et al.,
(1981) Nature 292:128). The inclusion of selection markers
in DNA vectors transfected in E. coli is also useful. Examples
of such markers include genes specifying resistance to ampi-
cillin, tetracycline or chloramphenicol.

[0132] The vector is selected to allow introduction of the
gene of interest into the appropriate host cell. Bacterial vec-
tors are typically of plasmid or phage origin. Appropriate
bacterial cells are infected with phage vector particles or
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transfected with naked phage vector DNA. Ifa plasmid vector
is used, the bacterial cells are transfected with the plasmid
vector DNA. Expression systems for expressing a protein are
available using Bacillus sp. and Salmonella (Palva, et al.,
(1983) Gene 22:229-35; Mosbach, et al., (1983) Nature 302:
543-5).

Expression in Eukaryotes

[0133] A variety of eukaryotic expression systems such as
yeast, insect cell lines, plant and mammalian cells are known
to those of skill in the art. As explained briefly below, the
present invention can be expressed in these eukaryotic sys-
tems. In some embodiments, transformed/transfected plant
cells, as discussed infra, are employed as expression systems
for production of the proteins of the instant invention.
[0134] Synthesis of heterologous proteins in yeast is well
known. Sherman, et al., (1982) Methods in Yeast Genetics,
Cold Spring Harbor Laboratory is a well recognized work
describing the various methods available to produce the pro-
tein in yeast. Two widely utilized yeasts for production of
eukaryotic proteins are Saccharomyces cerevisiae and Pichia
pastoris. Vectors, strains and protocols for expression in Sac-
charomyces and Pichia are known in the art and available
from commercial suppliers (e.g., Invitrogen). Suitable vec-
tors usually have expression control sequences, such as pro-
moters, including 3-phosphoglycerate kinase or alcohol oxi-
dase and an origin of replication, termination sequences and
the like as desired.

[0135] A protein, once expressed, can be isolated from
yeast by lysing the cells and applying standard protein isola-
tion techniques to the lysates or the pellets. The monitoring of
the purification process can be accomplished by using West-
ern blot techniques or radioimmunoassay of other standard
immunoassay techniques.

[0136] The sequences encoding proteins can also be ligated
to various expression vectors for use in transfecting cell cul-
tures of, for instance, insect or plant origin. Expression vec-
tors for these cells can include expression control sequences,
such as an origin of replication, a promoter (e.g., the CMV
promoter, a HSV tk promoter or pgk (phosphoglycerate
kinase) promoter), an enhancer (Queen, et al., (1986) Immu-
nol. Rev. 89:49) and necessary processing information sites,
such as ribosome binding sites, RNA splice sites, polyadeny-
lation sites (e.g., an SV40 large T Ag poly A addition site) and
transcriptional terminator sequences. Other animal cells use-
ful for production of proteins are available, for instance, from
the American Type Culture Collection, P.O. Box 1549,
Manassas, Va., USA, 20108.

[0137] As with yeast, when plant host cells are employed,
polyadenlyation or transcription terminator sequences are
typically incorporated into the vector. An example of a termi-
nator sequence is the potato pinll terminator (Keil et al.,
supra; An et al., supra). Sequences for accurate splicing of the
transcript may also be included. An example of a splicing
sequence is the VP1 intron from SV40 (Sprague, et al., J.
Virol. 45:773-81 (1983)).

Plant Transformation Methods

[0138] Numerous methods for introducing foreign genes
into plants are known and can be used to insert an ACS
polynucleotide into a plant host, including biological and
physical plant transformation protocols. See, e.g., Miki, etal.,
“Procedure for Introducing Foreign DNA into Plants,” in
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Methods in Plant Molecular Biology and Biotechnology,
Glick and Thompson, eds., CRC Press, Inc., Boca Raton, pp.
67-88 (1993). The methods chosen vary with the host plant
and include chemical transfection methods such as calcium
phosphate, microorganism-mediated gene transfer such as
Agrobacterium (Horsch et al., Science 227:1229-31 (1985)),
electroporation, micro-injection and biolistic bombardment.

[0139] Expression cassettes and vectors and in vitro culture
methods for plant cell or tissue transformation and regenera-
tion of plants are known and available. See, e.g., Gruber, et al.,
“Vectors for Plant Transformation,” in Methods in Plant
Molecular Biology and Biotechnology, supra, pp. 89-119.

[0140] The isolated polynucleotides or polypeptides may
be introduced into the plant by one or more techniques typi-
cally used for direct delivery into cells. Such protocols may
vary depending on the type of organism, cell, plant or plant
cell, e.g., monocot or dicot, targeted for gene modification.
Suitable methods of transforming plant cells include micro-
injection (Crossway, et al., (1986) Biotechniques 4:320-334
and U.S. Pat. No. 6,300,543), electroporation (Riggs, et al.,
(1986) Proc. Natl. Acad. Sci. USA 83:5602-5606, direct gene
transfer (Paszkowski et al., (1984) EMBO J. 3:2717-2722)
and ballistic particle acceleration (see, for example, Sanford,
etal., U.S. Pat. No. 4,945,050, WO 91/10725 and McCabe, et
al., (1988) Biotechnology 6:923-926). Also see, Tomes, et al.,
“Direct DNA Transfer into Intact Plant Cells Via Micro-
projectile Bombardment™. pp. 197-213 in Plant Cell, Tissue
and Organ Culture, Fundamental Methods. eds. Gamborg
and Phillips, Springer-Verlag Berlin Heidelberg New York,
1995; U.S. Pat. No. 5,736,369 (meristem); Weissinger, et al.,
(1988) Ann. Rev. Genet. 22:421-477; Sanford, et al., (1987)
Particulate Science and Technology 5:27-37 (onion); Chris-
tou, etal., (1988) Plant Physiol. 87:671-674 (soybean); Datta,
et al., (1990) Biotechnology 8:736-740 (rice); Klein, et al.,
(1988) Proc. Natl. Acad. Sci. USA 85:4305-4309 (maize);
Klein, et al., (1988) Biotechnology 6:559-563 (maize); WO
91/10725 (maize); Klein, et al., (1988) Plant Physiol. 91:440-
444 (maize); Fromm, et al., (1990) Biotechnology 8:833-839
and Gordon-Kamm, et al., (1990) Plant Cell 2:603-618
(maize); Hooydaas-Van Slogteren and Hooykaas (1984)
Nature (London) 311:763-764; Bytebierm, et al.,, (1987)
Proc. Natl. Acad. Sci. USA 84:5345-5349 (Liliaceae); De
Wet, et al., (1985) In The Experimental Manipulation of
Ovule Tissues, ed. Chapman, et al., pp. 197-209, Longman,
N.Y. (pollen); Kaeppler, et al., (1990) Plant Cell Reports
9:415-418 and Kaeppler, et al., (1992) Theor. Appl. Genet.
84:560-566 (whisker-mediated transformation); U.S. Pat.
No. 5,693,512 (sonication); D’Halluin, et al., (1992) Plant
Cell 4:1495-1505 (electroporation); Li, et al., (1993) Plant
Cell Reports 12:250-255 and Christou and Ford, (1995)
Annals of Botany 75:407-413 (rice); Osjoda, et al., (1996)
Nature Biotech. 14:745-750; Agrobacterium mediated maize
transformation (U.S. Pat. No. 5,981,840); silicon carbide
whisker methods (Frame, et al., (1994) Plant J. 6:941-948);
laser methods (Guo, et al., (1995) Physiologia Plantarum
93:19-24); sonication methods (Bao, et al., (1997) Ultra-
sound in Medicine & Biology 23:953-959; Finer and Finer,
(2000) Lett Appl Microbiol. 30:406-10; Amoabh, et al., (2001)
J Exp Bot 52:1135-42); polyethylene glycol methods (Krens,
etal., (1982) Nature 296:72-77); protoplasts of monocot and
dicot cells can be transformed using electroporation (Fromm,
et al., (1985) Proc. Natl. Acad. Sci. USA 82:5824-5828) and
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microinjection (Crossway, et al., (1986) Mol. Gen. Genet.
202:179-185), all of which are herein incorporated by refer-
ence.

Agrobacterium-Mediated Transformation

[0141] A widely utilized method for introducing an expres-
sion vector into plants is based on the natural transformation
system of Agrobacterium. A. tumefaciens and A. rhizogenes
are plant pathogenic soil bacteria which genetically transform
plant cells. The Ti and Ri plasmids of A. tumefaciens and A.
rhizogenes, respectively, carry genes responsible for genetic
transformation of plants. See, e.g., Kado, (1991) Crit. Rev.
Plant Sci. 10:1. Descriptions of the Agrobacterium vector
systems and methods for Agrobacterium-mediated gene
transfer are provided in Gruber, et al., supra; Miki, etal., supra
and Moloney, et al., (1989) Plant Cell Reports 8:238.

[0142] Similarly, a polynucleotide of interest can be
inserted into the T-DNA region of a Ti or Ri plasmid derived
from A. tumefaciens or A. rhizogenes, respectively. Thus,
expression cassettes can be constructed as above, using these
plasmids. Many control sequences are known which when
coupled to a heterologous coding sequence and transformed
into a host organism show fidelity in gene expression with
respect to tissue/organ specificity of the original coding
sequence. See, e.g., Benfey and Chua, (1989) Science 244:
174-81. Particularly suitable control sequences for use in
these plasmids are promoters for constitutive expression of
the gene in the various target plants. Other useful control
sequences include a promoter and terminator from the nopa-
line synthase gene (NOS). The NOS promoter and terminator
are present in the plasmid pARC2, available from the Ameri-
can Type Culture Collection and designated ATCC 67238. If
such a system is used, the virulence (vir) gene from either the
Ti or Ri plasmid must also be present, either along with the
T-DNA portion or via a binary system where the vir gene is
present on a separate vector. Such systems, vectors for use
therein, and methods of transforming plant cells are described
in U.S. Pat. No. 4,658,082; US Patent Application Serial
Number 913,914, filed Oct. 1, 1986, as referenced in U.S. Pat.
No. 5,262,306, issued Nov. 16, 1993 and Simpson, et al.,
(1986) Plant Mol. Biol. 6:403-15 (also referenced in the *306
patent), all incorporated by reference in their entirety.
[0143] Once constructed, these plasmids can be placed into
A. rhizogenes or A. tumefaciens and these vectors used to
transform cells of plant species, including but not limited to
soybean, maize, sorghum, alfalfa, rice, clover, cabbage,
banana, coffee, celery, tobacco, cowpea, cotton, melon and
pepper. The selection of either A. tumefaciens or A. rhizo-
genes will depend on the plant being transformed thereby. In
general A. tumefaciens is the preferred organism for transfor-
mation. Most dicotyledonous plants, some gymnosperms and
a few monocotyledonous plants (e.g., certain members of the
Liliales and Arales) are susceptible to infection with 4. tume-
faciens. A. rhizogenes also has a wide host range, embracing
most dicots and some gymnosperms, which includes mem-
bers of the Leguminosae, Compositae and Chenopodiaceae.
Monocot plants can now be transformed with some success.
EP Patent Number 604662 B1 discloses a method for trans-
forming monocots using Agrobacterium. EP Patent Number
672752 B1 discloses a method for transforming monocots
with Agrobacterium using the scutellum of immature
embryos. Ishida, et al., discuss a method for transforming
maize by exposing immature embryos to A. tumefaciens (Na-
ture Biotechnology 14:745-50 (1996)).
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[0144] Once transformed, these cells can be used to regen-
erate transgenic plants. For example, whole plants can be
infected with these vectors by wounding the plant and then
introducing the vector into the wound site. Any part of the
plant can be wounded, including leaves, stems and roots.
Roots or shoots transformed by inoculation of plant tissue
with A. rhizogenes or A. tumefaciens can be used as a source
of plant tissue to regenerate transgenic plants, either via
somatic embryogenesis or organogenesis. Alternatively,
plant tissue, in the form of an explant, such as cotyledonary
tissue or leaf disks, can be inoculated with these vectors and
cultured under conditions which promote plant regeneration.
Examples of such methods for regenerating plant tissue are
known to those of skill in the art.

Direct Gene Transfer

[0145] Despite the fact that the host range for Agrobacte-
rium-mediated transformation is broad, some major cereal
crop species and gymnosperms were initially recalcitrant to
this mode of gene transfer. Success and refinements have been
reported, both for Agrobacterium-mediated transformation
and for alternative methods, collectively referred to as direct
gene transfer. For example, with respect torice, see, Kathuria,
et al., (2007) Critical Reviews in Plant Sciences 26:65-103.
Withrespect to wheat, see, He, (2010) J. Exp. Bot 61(6):1567-
1581; XiuDao, et al., (2010) Sci. Agri. Sinica 43(8):1539-
1553; Zale, (2009) Plant Cell Rep. 28(6):903-913; Wang, et
al., (2009) Cereal Res. Commun. 37(1):1-12; Greer, (2009)
New Biotech. 26 (V/2):44-52. With respect to sugar cane, see,
van der Vyver, (2010) Sugar Tech. 12(1):21-25; Joyce, et al.,
(2010) Plant Cell Rep. 29(2):173-183; Kalunke, et al., (2009)
Sugar Tech. 11(4):365-369; Gilbert, et al., (2009) Field Crops
Res. 111 (1-2):39-46. With respect to turfgrass, see, Cao,
(2006) Plant Cell, Tissue, Organ Culture 85(3):307-316.
[0146] A generally applicable method of plant transforma-
tion is microprojectile-mediated transformation, where DNA
is carried on the surface of microprojectiles measuring about
1 to 4 um. The expression vector is introduced into plant
tissues with a biolistic device that accelerates the micro-
projectiles to speeds of 300 to 600 m/s which is sufficient to
penetrate the plant cell walls and membranes (Sanford, et al.,
(1987) Part. Sci. Technol. 5:27; Sanford, (1988) Trends Bio-
tech 6:299; Sanford, (1990) Physiol. Plant 79:206 and Klein,
etal., (1992) Biotechnology 10:268).

[0147] Another method for physical delivery of DNA to
plants is sonication of target cells as described in Zang, et al.,
(1991) BioTechnology 9:996. Alternatively, liposome or
spheroplast fusions have been used to introduce expression
vectors into plants. See, e.g., Deshayes, et al., (1985) EMBO
J. 4:2731 and Christou, et al., (1987) Proc. Natl. Acad. Sci.
US4 84:3962. Direct uptake of DNA into protoplasts using
CaCl, precipitation, polyvinyl alcohol or poly-L-ornithine
has also been reported. See, e.g., Hain, et al., (1985) Mol.
Gen. Genet. 199:161 and Draper, et al., (1982) Plant Cell
Physiol. 23:451.

[0148] Electroporation of protoplasts and whole cells and
tissues has also been described. See, e.g., Donn, et al., (1990)
Abstracts of the VIIth Intl. Congress on Plant Cell and Tissue
Culture IAPTC, A2-38, p. 53; D Halluin, et al., (1992) Plant
Cell 4:1495-505 and Spencer, et al., (1994) Plant Mol. Biol.
24:51-61.

Reducing the Activity and/or Level of an ACS Polypeptide
[0149] Methods are provided to reduce or eliminate the
level or activity of an ACS polypeptide by transforming a
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plant cell with an expression cassette that expresses a poly-
nucleotide that reduces the expression of the ACS polypep-
tide. The polynucleotide may reduce the expression of the
ACS polypeptide directly, by preventing transcription or
translation of the ACS messenger RNA, or indirectly, by
encoding a polypeptide that reduces the transcription or trans-
lation of an ACS gene encoding an ACS polypeptide. Meth-
ods for reducing or eliminating the expression of a gene in a
plant are well known in the art and any such method may be
used in the present invention to reduce the expression of ACS
polypeptide.

[0150] The expression of an ACS polypeptide is reduced if
the level of the ACS polypeptide is less than 100%, 99% 95%,
90%, 85%, 80%, 75%, 70%, 65%, 60%, 55%, 50%, 45%,
40%,35%, 30%, 25%, 20%, 15%, 10%, 5% or 1% of the level
of'the same ACS polypeptide in a control plant. In particular
embodiments, the level of the ACS polypeptide in a modified
plant is less than 60%, less than 50%, less than 40%, less than
30%, less than 20%, less than 10%, less than 5% or less than
2% of the level of the same or a related ACS polypeptide in a
control plant. The ACS polynucleotide expression level and/
or polypeptide level and/or enzymatic activity may be
reduced such that the reduction is phenotypically sufficient to
provide tolerance to drought conditions without a yield pen-
alty occurring under well-watered conditions. The level or
activity of one or more ACS polynucleotides, polypeptides or
enzymes may be impacted. The expression level of the ACS
polypeptide may be measured directly, for example, by assay-
ing for the quantity of ACS polypeptide expressed in the plant
cell or plant, or indirectly, for example, by measuring the ACS
or ethylene synthesis activity in the plant cell or plant or by
measuring the phenotypic changes in the plant. Methods for
performing such assays are described elsewhere herein.
[0151] Incertain embodiments of the invention, the activity
of the ACS polypeptide is reduced or eliminated by trans-
forming a plant cell with an expression cassette comprising a
polynucleotide encoding a polypeptide that inhibits the activ-
ity of'an ACS polypeptide. The activity of an ACS polypep-
tide is reduced if the activity of the ACS polypeptide is less
than 100%, 99% 95%, 90%, 85%, 80%, 75%, 70%, 65%,
60%, 55%, 50%, 45%, 40%, 35%, 30%, 25%, 20%, 15%,
10%, 5% or 1% of the activity of the same ACS polypeptide
in a control plant. In particular embodiments, the ACS activity
of'the ACS polypeptide in a modified plant is less than 60%,
less than 50%, less than 40%, less than 30%, less than 20%,
less than 10% or less than 5% of the ACS activity of the same
polypeptide in a control plant. The ACS activity of an ACS
polypeptide is “eliminated” according to the invention when
it is not detectable by the assay methods described elsewhere
herein. Methods of determining the alteration of activity of an
ACS polypeptide are described elsewhere herein.

[0152] In other embodiments, the activity of an ACS
polypeptide may be reduced or eliminated by disrupting or
excising at least a part of the gene encoding the ACS polypep-
tide. Mutagenized plants that carry mutations in ACS genes
also result in reduced expression of the ACS gene and/or
reduced activity of the encoded ACS polypeptide.

[0153] Thus, many methods may be used to reduce or
eliminate the activity of an ACS polypeptide. One or more
methods may be used to reduce the activity of a single ACS
polypeptide. One or more methods may be used to reduce the
activity of multiple ACS polypeptides.

1. Polynucleotide-Based Methods:

[0154] In some embodiments, a plant is transformed with
an expression cassette that is capable of expressing a poly-
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nucleotide that reduces the expression of an ACS polypeptide.
The term “expression” as used herein refers to the biosynthe-
sis of a gene product, including the transcription and/or trans-
lation of said gene product. For example, an expression cas-
sette capable of expressing a polynucleotide that reduces the
expression of at least one ACS polypeptide is an expression
cassette capable of producing an RNA molecule that inhibits
the transcription and/or translation of at least one ACS
polypeptide. The “expression” or “production” of a protein or
polypeptide from a DNA molecule refers to the transcription
and translation of the coding sequence to produce the protein
or polypeptide, while the “expression” or “production” of a
protein or polypeptide from an RNA molecule refers to the
translation of the RNA coding sequence to produce the pro-
tein or polypeptide.

[0155] Examples of polynucleotides that modulate the
expression of an ACS polypeptide are given below.

i. Sense Suppression/Cosuppression

[0156] In some embodiments, down-regulation of the
expression of an ACS polypeptide may be accomplished by
sense suppression or cosuppression. For cosuppression, an
expression cassette is designed to express an RNA molecule
corresponding to all or part of a messenger RNA encoding an
ACS polypeptide in the “sense” orientation. Over-expression
of'the RNA molecule can result in reduced expression of the
native gene. Accordingly, multiple plant lines transformed
with the cosuppression expression cassette are screened to
identify those that show the reduction of ACS polypeptide
expression.

[0157] The polynucleotide used for cosuppression may
correspond to all or part of the sequence encoding the ACS
polypeptide, all or part of the 5' and/or 3' untranslated region
of an ACS polypeptide transcript or all or part of both the
coding sequence and the untranslated regions of a transcript
encoding an ACS polypeptide. In some embodiments where
the polynucleotide comprises all or part of the coding region
for the ACS polypeptide, the expression cassette is designed
to eliminate the start codon of the polynucleotide so that no
protein product will be translated.

[0158] Cosuppression may be used to inhibit the expression
of plant genes to produce plants having undetectable protein
levels for the proteins encoded by these genes. See, for
example, Broin, et al., (2002) Plant Cell 14:1417-1432.
Cosuppression may also be used to inhibit the expression of
multiple proteins in the same plant. See, for example, U.S.
Pat. No. 5,942,657. Methods for using cosuppression to
inhibit the expression of endogenous genes in plants are
described in Flavell, et al., (1994) Proc. Natl. Acad. Sci. USA
91:3490-3496; Jorgensen, et al., (1996) Plant Mol. Biol.
31:957-973; Johansen and Carrington, (2001) Plant Physiol.
126:930-938; Broin, et al., (2002) Plant Cell 14:1417-1432;
Stoutjesdijk, et al., (2002) Plant Physiol. 129:1723-1731; Yu,
et al., (2003) Phytochemistry 63:753-763 and U.S. Pat. Nos.
5,034,323, 5,283,184 and 5,942,657, each of which is herein
incorporated by reference. The efficiency of cosuppression
may be increased by including a poly-dT region in the expres-
sion cassette ata position 3' to the sense sequence and 5' of the
polyadenylation signal. See, US Patent Application Publica-
tion Number 2002/0048814, herein incorporated by refer-
ence. Typically, such a nucleotide sequence has substantial
sequence identity to the full-length sequence or a fragment or
portion of the transcript of the endogenous gene, generally
greater than about 65% sequence identity, often greater than
about 85% sequence identity, sometimes greater than about
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95% sequence identity. See, U.S. Pat. Nos. 5,283,184 and
5,034,323, herein incorporated by reference.

ii. Antisense Suppression

[0159] In some embodiments, reduction of the expression
of the ACS polypeptide may be obtained by antisense sup-
pression. For antisense suppression, the expression cassette is
designed to express an RNA molecule complementary to all
or part of a messenger RNA encoding the ACS polypeptide.
Over expression of the antisense RNA molecule can result in
reduced expression of the native gene. Accordingly, multiple
plant lines transformed with the antisense suppression
expression cassette are screened to identify those that show
the optimum down-regulation of ACS polypeptide expres-
sion.

[0160] The polynucleotide for use in antisense suppression
may correspond to all or part of the complement of the
sequence encoding the ACS polypeptide, all or part of the
complement of the 5' and/or 3' untranslated region of the ACS
transcript or all or part of the complement of both the coding
sequence and the untranslated regions of a transcript encod-
ing the ACS polypeptide. In addition, the antisense poly-
nucleotide may be fully complementary (i.e., 100% identical
to the complement of the target sequence) or partially
complementary (i.e., less than 100% identical to the comple-
ment of the target sequence) to the target sequence. Antisense
suppression may be used to inhibit the expression of multiple
proteins in the same plant. See, for example, U.S. Pat. No.
5,942,657 Furthermore, portions of the antisense nucleotides
may be used to disrupt the expression of the target gene.
Generally, sequences of at least 50 nucleotides, 100 nucle-
otides, 200 nucleotides, 300, 400, 450, 500, 550 or more
nucleotides may be used. Methods for using antisense sup-
pression to inhibit the expression of endogenous genes in
plants are described, for example, in Liu, et al., (2002) Plant
Physiol. 129:1732-1743 and U.S. Pat. Nos. 5,759,829 and
5,942,657, each of which is herein incorporated by reference.
Efficiency of antisense suppression may be increased by
including a poly-dT region in the expression cassette at a
position 3' to the antisense sequence and 5' of the polyadeny-
lation signal. See, US Patent Application Publication Number
2002/0048814, herein incorporated by reference.

iii. Double-Stranded RNA Interference

[0161] Insome embodiments of the invention, down-regu-
lation of the expression of an ACS polypeptide may be
obtained by double-stranded RNA (dsRNA) interference. For
dsRNA interference, a sense RNA molecule like that
described above for cosuppression and an antisense RNA
molecule that is fully or partially complementary to the sense
RNA molecule are expressed in the same cell, resulting in
down-regulation of the expression of the corresponding
endogenous messenger RNA.

[0162] Expressionofthe sense and antisense molecules can
be accomplished by designing the expression cassette to com-
prise both a sense sequence and an antisense sequence. Alter-
natively, separate expression cassettes may be used for the
sense and antisense sequences. Multiple plant lines trans-
formed with the dsRNA interference expression cassette or
expression cassettes are then screened to identify plant lines
that show the optimum down-regulation of ACS polypeptide
expression. Methods for using dsRNA interference to inhibit
the expression of endogenous plant genes are described in
Waterhouse, et al., (1998) Proc. Natl. Acad. Sci. USA
95:13959-13964, Liu, et al., (2002) Plant Physiol. 129:1732-
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1743 and WO 99/49029, WO 99/53050, WO 99/61631 and
WO 00/49035, each of which is herein incorporated by ref-
erence.

iv. Hairpin RNA Interference and Intron-Containing Hairpin
RNA Interference

[0163] Insome embodiments of the invention, down-regu-
lation of the expression of an ACS polypeptide may be
obtained by hairpin RNA (hpRNA) interference or intron-
containing hairpin RNA (ihpRNA) interference. These meth-
ods are highly efficient at inhibiting the expression of endog-
enous genes. See, Waterhouse and Helliwell, (2003) Nat. Rev.
Genet. 4:29-38 and the references cited therein.

[0164] For hpRNA interference, the expression cassette is
designed to express an RNA molecule that hybridizes with
itself to form a hairpin structure that comprises a single-
stranded loop region and a base-paired stem. The base-paired
stem region comprises a sense sequence corresponding to all
or part of the endogenous messenger RNA encoding the gene
whose expression is to be inhibited and an antisense sequence
that is fully or partially complementary to the sense sequence.
The antisense sequence may be located “upstream” of the
sense sequence (i.e., the antisense sequence may be closer to
the promoter driving expression of the hpRNA than is the
sense sequence.) The base-paired stem region may corre-
spond to a portion of a promoter sequence controlling expres-
sion of the gene to be inhibited. Thus, the base-paired stem
region of the molecule generally determines the specificity of
the RNA interference. The sense sequence and the antisense
sequence are generally of similar lengths but may differ in
length. Thus, these sequences may be portions or fragments
ofatleast 10, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 50,
70,90, 100, 120, 140, 160, 180, 200, 220, 240, 260, 280, 300,
320, 340, 360, 380, 400, 500, 600, 700, 800 or 900 nucle-
otides in length or at least 1, 2,3, 4, 5,6,7,8,9 or 10 kb in
length. The loop region of the expression cassette may vary in
length. Thus, the loop region may be at least 50, 80, 100, 200,
300, 400, 500, 600, 700, 800 or 900 nucleotides in length or at
least 1,2,3,4,5,6,7,8,9 or 10 kb in length.

[0165] hpRNA molecules are highly efficient at inhibiting
the expression of endogenous genes and the RNA interfer-
ence they induce is inherited by subsequent generations of
plants. See, for example, Chuang and Meyerowitz, (2000)
Proc. Natl. Acad. Sci. USA 97:4985-4990; Stoutjesdijk, et al.,
(2002) Plant Physiol. 129:1723-1731 and Waterhouse and
Helliwell, (2003) Nat. Rev. Genet. 4:29-38. Methods for
using hpRNA interference to reduce or silence the expression
of genes are described, for example, in Chuang and Mey-
erowitz, (2000) Proc. Natl. Acad. Sci. USA 97:4985-4990;
Stoutjesdijk, et al., (2002) Plant Physiol. 129:1723-1731;
Waterhouse and Helliwell, (2003) Nat. Rev. Genet. 4:29-38;
Pandolfini et al., BMC Biotechnology 3:7 and US Patent
Application Publication Number 2003/0175965, each of
which is herein incorporated by reference. A transient assay
for the efficiency of hpRNA constructs to silence gene expres-
sion in vivo has been described by Panstruga, et al., (2003)
Mol. Biol. Rep. 30:135-140, herein incorporated by refer-
ence.

[0166] For ihpRNA, the interfering molecules have the
same general structure as for hpRNA, but the RNA molecule
additionally comprises an intron that is capable of being
spliced in the cell in which the ihpRNA is expressed. The use
of an intron minimizes the size of the loop in the hairpin RNA
molecule following splicing and this increases the efficiency
of interference. In some embodiments, the intron is the Adh1
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intron 1. Methods for using ihpRNA interference to inhibit
the expression of endogenous plant genes are described, for
example, in Smith, et al., (2000) Nature 407:319-320. In fact,
Smith, et al., show 100% suppression of endogenous gene
expression using ihpRNA-mediated interference. Methods
for using thpRNA interference to inhibit the expression of
endogenous plant genes are described, for example, in Smith,
etal., (2000) Nature 407:319-320; Wesley, et al., (2001) Plant
J. 27:581-590; Wang and Waterhouse, (2001) Curr. Opin.
Plant Biol. 5:146-150; Waterhouse and Helliwell, (2003) Nat.
Rev. Genet. 4:29-38; Helliwell and Waterhouse, (2003 ) Meth-
ods 30:289-295 and US Patent Application Publication Num-
ber 2003/0180945, each of which is herein incorporated by
reference.

[0167] The expression cassette for hpRNA interference
may also be designed such that the sense sequence and the
antisense sequence do not correspond to an endogenous is
RNA. In this embodiment, the sense and antisense sequence
flank a loop sequence that comprises a nucleotide sequence
corresponding to all or part of the endogenous messenger
RNA of the target gene. Thus, it is the loop region that deter-
mines the specificity of the RNA interference. See, for
example, WO 02/00904; Mette, et al., (2000) EMBO J.
19:5194-5201; Matzke, et al., (2001) Curr. Opin. Genet.
Devel. 11:221-227; Scheid, et al., (2002) Proc. Natl. Acad.
Sci., USA 99:13659-13662; Aufsaftz, et al., (2002) Proc.
Natl. Acad. Sci. 99(4):16499-16506; Sijen, et al., Curr. Biol.
(2001) 11:436-440), herein incorporated by reference.

v. Amplicon-Mediated Interference

[0168] Amplicon expression cassettes comprise a plant-
virus-derived sequence that contains all or part of the target
gene but generally not all of the genes of the native virus. The
viral sequences present in the transcription product of the
expression cassette allow the transcription product to direct
its own replication. The transcripts produced by the amplicon
may be either sense or antisense relative to the target sequence
(i.e., the messenger RNA for the ACS polypeptide). Methods
of using amplicons to inhibit the expression of endogenous
plant genes are described, for example, in Angell and Baul-
combe, (1997) EMBO J. 16:3675-3684, Angell and Baul-
combe, (1999) Plant J. 20:357-362 and U.S. Pat. No. 6,635,
805, each of which is herein incorporated by reference.

vi. Ribozymes

[0169] In some embodiments, the polynucleotide
expressed by the expression cassette is catalytic RNA or has
ribozyme activity specific for the messenger RNA of the ACS
polypeptide. Thus, the polynucleotide causes the degradation
of the endogenous messenger RNA, resulting in reduced
expression of the ACS polypeptide. This method is described,
for example, in U.S. Pat. No. 4,987,071, herein incorporated
by reference.

Methods for Modulating Drought Tolerance in a Plant

[0170] Methods for modulating drought tolerance in plants
are also features of the invention. The ability to introduce
different degrees of drought tolerance into plants offers flex-
ibility in the use of the invention: for example, introduction of
strong drought tolerance for improved grain-filling or for
silage in areas with longer or drier growing seasons, versus
the introduction of a moderate drought tolerance for silage in
agricultural areas with shorter growing seasons. Modulation
of'droughttolerance of a plant of the invention may reflect one
or more of the following: (a) a reduction in the production of
at least one ACC-synthase-encoding mRNA; (b) a reduction



US 2011/0252505 Al

in the production of an ACC synthase; (c¢) a reduction in the
production of ACC; (d) a reduction in the production of
ethylene; (e) an increase in plant height or (f) any combina-
tion of (a)-(e), compared to a corresponding control plant.
[0171] For example, a method of the invention can include:
(a) selecting at least one ACC synthase gene to mutate,
thereby providing at least one desired ACC synthase gene; (b)
introducing a mutant form of the at least one desired ACC
synthase gene into the plant and (c¢) expressing the mutant
form, thereby modulating drought tolerance in the plant.
Plants produced by such methods are also a feature of the
invention.

[0172] The degree of drought tolerance introduced into a
plant can be determined by a number of factors, e.g., which
ACC synthase gene is selected, whether the mutant gene
member is present in a heterozygous or homozygous state or
by the number of members of this family which are inacti-
vated or by a combination of two or more such factors.
[0173] Once the desired ACC synthase gene is selected, a
mutant form of the ACC synthase gene is introduced into a
plant. In certain embodiments, the mutant form is introduced
by Agrobacterium-mediated transfer, electroporation, micro-
projectile bombardment, homologous recombination or a
sexual cross. In certain embodiments, the mutant form
includes, e.g., a heterozygous mutation in the at least one
ACC synthase gene, a homozygous mutation in the at least
one ACC synthase gene or a combination of homozygous
mutation and heterozygous mutation if more than one ACC
synthase gene is selected. In another embodiment, the mutant
form includes a subsequence of the at least one desired ACC
synthase gene in an antisense, sense or RNA silencing or
interference configuration.

[0174] Expression of the mutant form of the ACC synthase
gene can be determined in a number of ways. For example,
detection of expression products is performed either qualita-
tively (presence or absence of one or more product of interest)
or quantitatively (by monitoring the level of expression of one
or more product of interest). In one embodiment, the expres-
sion product is an RNA expression product. The invention
optionally includes monitoring an expression level of a
nucleic acid or polypeptide as noted herein for detection of
ACC synthase in a plant or in a population of plants. Moni-
toring levels of ethylene or ACC can also serve to detect
down-regulation of expression or activity of the ACC syn-
thase gene.

Methods for Modulating Density Tolerance in a Plant

[0175] In addition to increasing tolerance to drought stress
in plants of the invention compared to a control plant, the
invention also enables higher density planting of plants of the
invention, leading to increased yield per acre of corn. Most of
the increased yield per acre of corn over the last century has
come from increasing tolerance to density, which is a stress to
plants. Methods for modulating plant stress response, e.g.,
increasing tolerance for density, are also a feature of the
invention. For example, a method of the invention can
include: (a) selecting at least one ACC synthase gene to
mutate, thereby providing at least one desired ACC synthase
gene; (b) introducing a mutant form of the at least one desired
ACC synthase gene into the plant and (c) expressing the
mutant form, thereby modulating density tolerance in the
plant. Plants produced by such methods are also a feature of
the invention. When ethylene production is reduced in a plant
by a mutant form of a desired ACC synthase gene, the plant
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may have a reduced perception of and/or response to density.
Thus, plants of the invention can be planted at higher density
than currently practiced by farmers and produce an increase
in yield of seed and/or biomass.

Methods for Modulating Nitrogen Utilization Efficiency in a
Plant

[0176] Inaddition to increasing tolerance to drought stress
and improving density stress tolerance in plants of the inven-
tion compared to a control plant, the invention also may
provide greater nitrogen utilization efficiency. For example, a
method of the invention can include: (a) selecting at least one
ACC synthase gene to mutate, thereby providing at least one
desired ACC synthase gene; (b) introducing a mutant form of
the at least one desired ACC synthase gene into the plant and
(c) expressing the mutant form, thereby modulating NUE in
the plant. Plants produced by such methods are also a feature
of the invention. Plants in which NUE is improved may be
more productive than control plants under comparable con-
ditions of ample nitrogen availability and/or may maintain
productivity under significantly reduced nitrogen availability.
Improved NUE may be reflected in one or more attributes
such as increased biomass, increased grain yield, increased
harvest index, increased photosynthetic rates and increased
tolerance to biotic or abiotic stress. In particular, improving
NUE in maize would increase harvestable yield per unit of
input nitrogen fertilizer, both in developing nations where
access to nitrogen fertilizer is limited and in developed
nations where the level of nitrogen use remains high.

Screening/Characterization of Plants or Plant Cells

[0177] Plants can be screened and/or characterized geno-
typically, biochemically, phenotypically or by a combination
of'two or more of these methods. For example, plants may be
characterized to determine the presence, absence and/or
expression level (e.g., amount, modulation, such as a decrease
or increase compared to a control cell) of a polynucleotide of
the invention; the presence, absence, expression and/or enzy-
matic activity of a polypeptide of the invention and/or modu-
lation of drought tolerance, modulation of nitrogen use effi-
ciency, modulation of density tolerance and/or modulation of
ethylene production.

[0178] Chemicals, e.g., ethylene, ACC, etc., can be recov-
ered and assayed from the cell extracts. For example, internal
concentrations of ACC can be assayed by gas chromatogra-
phy-mass spectroscopy, in acidic plant extracts as ethylene
after decomposition in alkaline hypochlorite solution, etc.
The concentration of ethylene can be determined by, e.g., gas
chromatography-mass spectroscopy, etc. See, e.g., Naga-
hama, et al., (1991) J. Gen. Microbiol. 137:2281 2286. For
example, ethylene can be measured with a gas chromatograph
equipped with, e.g., an alumina based column (such as an
HP-PLOT A1203 capillary column (Agilent Technologies,
Santa Clara, Calif.) and a flame ionization detector.

[0179] Phenotypic analysis includes, e.g., analyzing
changes in chemical composition, morphology or physiologi-
cal properties of the plant. For example, phenotypic changes
can include, but are not limited to, an increase in drought
tolerance, an increase in density tolerance, an increase in
nitrogen use efficiency and a decrease in ethylene production.
[0180] A wvariety of assays can be used for monitoring
drought tolerance and/or NUE. For example, assays include,
but are not limited to, visual inspection, monitoring photo-
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synthesis measurements and measuring levels of chlorophyll,
DNA, RNA and/or protein content of, e.g., the leaves, under
stress and non-stress conditions.

Plants of the Invention

[0181] Plant cells useful in the invention include, but are
not limited to, meristem cells, Type I, Type II and Type III
callus, immature embryos and gametic cells such as
microspores, pollen, sperm and egg. In certain embodiments,
the plant cell of the invention is from a dicot or monocot. A
plant regenerated from the plant cell(s) of the invention is also
a feature of the invention.

[0182] Inone embodiment, the plant cell is in a plant, e.g.,
a hybrid plant, comprising a drought tolerant phenotype. In
another embodiment, the plant cell is in a plant comprising a
sterility phenotype, e.g., a male sterility phenotype. Through
aseries of breeding manipulations, the construct impacting an
ACC synthase gene can be moved from one plant line to
another plant line. For example, a hybrid plant can be pro-
duced by sexual cross of a plant comprising a modified
expression of one or more ACC synthase genes and a control
plant.

[0183] Modified plant cells are also a feature of the inven-
tion. In a first aspect, the invention provides for an isolated or
recombinant plant cell comprising at least one down-regula-
tion construct capable of inhibiting an endogenous ACC syn-
thase gene; e.g., a nucleic acid sequence, or complement
thereof, comprising, e.g., at least about 70%, at least about
75%, at least about 80%, at least about 85%, at least about
90%, at least about 95%, at least about 99%, about 99.5% or
more, sequence identity to the ACS6 down-regulation expres-
sion construct of SEQID NO: 4, SEQ ID NO: 5, SEQ ID NO:
6 or SEQ ID NO: 7. The down-regulation of expression or
activity of at least one ACC synthase polynucleotide or pro-
tein is compared to a corresponding control plant cell lacking
the down-regulation construct. Essentially any plant can be
used in the methods and compositions of the invention. Such
species include, but are not restricted to, members of the
families Poaceae (formerly Graminae), including Zea mays
(corn or maize), rye, triticale, barley, millet, rice, wheat, oats,
etc.; Leguminosae, including pea, beans, lentil, peanut, yam
bean, cowpeas, velvet beans, soybean, clover, alfalfa, lupine,
vetch, lotus, sweet clover, wisteria, sweetpea, etc.; Composi-
tae, the largest family of vascular plants, including at least
1,000 genera, including important commercial crops such as
sunflower; Rosaciae, including raspberry, apricot, almond,
peach, rose, etc.; as well as nut plants, including, walnut,
pecan, hazelnut, etc., forest trees (including Pinus, Quercus,
Pseutotsuga, Sequoia, Populus, etc. and other common crop
plants, e.g., cotton, sorghum, lawn grasses, tomato, potato,
pepper, canola, broccoli, cabbage, etc.

[0184] Additional plants, as well as those specified above,
include plants from the genera: Acamproclados, Ach-
natherum, Achnella, Acroceras, Aegilops, Aegopgon, Agroe-
lymus, Agrohordeum, Agropogon, Agropyron, Agrositanion,
Agrostis, Aira, Allolepis, Alloteropsis, Alopecurus, Ambly-
opyrum, Ammophila, Ampelodesmos, Amphibromus, Amphi-
carpum, Amphilophis, Anastrophus, Anatherum, Andropo-
gron, Anemathele, Aneurolepidium, Anisantha,
Anthaenantia, Anthephora, Anthochloa, Anthoxanthum,
Apera, Apluda, Avchtagrostis, Arctophila, Argillochloa, Aris-
tida, Arrhenatherum, Arthraxon, Arthrostylidium, Arundi-
naria, Arundinella, Arundo, Aspris, Atheropogon, Avena
(e.g., oats), Avenella, Avenochloa, Avenula, Axonopus, Bam-
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busa, Beckmannia, Blepharidachne, Blepharoneuron, Both-
riochloa, Bouteloua, Brachiaria, Brachyelytrum, Brachypo-
dium, Briza, Brizopyrum, Bromelica, Bromopsis, Bromus,
Buchloe, Bulbilis, Calamagrostis, Calamovilfa, Campulosus,
Capriola, Catabrosa, Catapodium, Cathestecum, Cenchrop-
sis, Cenchrus, Centotheca, Ceratochloa, Chaetochloa, Chas-
manthium, Chimonobambusa, Chionochloa, Chloris, Chon-
drosum, Chrysopon, Chusquea, Cinna, Cladoraphis,
Coelorachis, Coix, Coleanthus, Colpodium, Coridochloa,
Cornucopiae, Cortaderia, Corynephorus, Cottea, Critesion,
Crypsis, Ctenium, Cutandia, Cylindropyrum, Cymbopogon,
Cynodon, Cynosurus, Cytrococcum, Dactylis, Dactylocte-
nium, Danthonia, Dasyochloa, Dasyprum, Davyella, Den-
drocalamus, Deschampsia, Desmazeria, Deyeuxia, Diarina,
Diarrhena, Dichanthelium, Dichanthium, Dichelachne,
Diectomus, Digitaria, Dimeria, Dimorpostachys, Dinebra,
Diplachne, Dissanthelium, Dissochondrus, Distichlis,
Drepanostachyum,  Dupoa,  Dupontia,  Echinochloa,
Ectosperma, Ehrharta, Eleusine, Elyhordeum, Elyleymus,
Elymordeum, Elymus, Elyonurus, Elysitanion, Elytesion,
Elytrigia, Enneapogon, Enteropogon, Epicampes, Eragros-
tis, Eremochloa, Eremopoa, Evemopyrum, Erianthus, Evi-
coma, Erichloa, Eriochrysis, FErioneuron, FEuchlaena,
Euclasta, Eulalia, Eulaliopsis, Eustachys, Fargesia, Festuca,
Festulolium, Fingerhuthia, Fluminia, Garnotia, Gastridium,
Gaudinia, Gigantochloa, Glyceria, Graphephorum, Gymno-
pogon, Gynerium, Hackelochloa, Hainardia, Hakonechloa,
Haynaldia, Heleochloa, Helictotrichon, Hemarthria, Hes-
perochloa, Hesperostipa, Heteropogon, Hibanobambusa,
Hievochloe, Hilaria, Holcus, Homalocenchrus, Hordeum
(e.g., barley), Hydrochloa, Hymenachne, Hyparrhenia, Hyp-
ogynium, Hystrix, Ichnanthus, Imperata, Indocalamus,
Isachne, Ischaemum, Ixophorus, Koeleria, Korycarpus,
Lagurus, Lamarckia, Lasiacis, Leersia, Leptochloa, Lep-
tochloopsis, Leptocoryphium, Leptoloma, Leptogon, Leptu-
rus, Lerchenfeldia, Leucopoa, Leymostachys, Leymus, Limn-
odea, Lithachne, Lolium, Lophochlaena, Lophochloa,
Lophopyrum, Ludolfia, Luziola, Lycurus, Lygeum, Maltea,
Manisuris, Megastachya, Melica, Melinis, Mibora, Micro-
chloa, Microlaena, Microstegium, Milium, Miscanthus, Mne-

sithea, Molinia, Monanthochloe, Monerma, Monroa,
Mubhlenbergia, Nardus, Nassella, Nazia, Neeragrostis,
Neoschischkinia, Neostapfia, Neyraudia, Nothoholcus,

Olyra, Opizia, Oplismenus, Orcuttia, Oryza (e.g., rice),
Oryzopsis, Otatea, Oxytenanthera, Particularia, Panicum,
Pappophorum, Parapholis, Pascopyrum, Paspalidium,
Paspalum, Pennisetum (e.g., millet), Phalaris, Phalaroides,
Phanopyrum, Pharus, Phippsia, Phleum, Pholiurus, Phrag-
mites, Phyllostachys, Piptatherum, Piptochaetium, Pleio-
blastus, Pleopogon, Pleuraphis, Pleuropogon, Poa, Poda-
grostis, Polypogon, Polytrias, Psathyrostachys,
Pseudelymus, Pseudoroegneria, Pseudosasa, Ptilagrostis,
Puccinellia, Pucciphippsia, Redfieldia, Reimaria, Reimaro-
chloa, Rhaphis, Rhombolytrum, Rhynchelytrum, Roegneria,
Rostraria, Rottboellia, Rytilix, Saccharum, Sacciolepis,
Sasa, Sasaella, Sasamorpha, Savastana, Schedonnardus,
Schismus, Schizachne, Schizachyrium, Schizostachyum, Scle-
rochloa, Scleropoa, Scleropogon, Scolochloa, Scribneria,
Secale (e.g., rye), Semiarundinaria, Sesleria, Setaria, Shiba-
taea, Sieglingia, Sinarundinaria, Sinobambusa, Sinocala-
mus, Sitanion, Sorghastrum, Sorghum, Spartina, Sphenopho-
lis, Spodiopogon, Sporobolus, Stapfia, Steinchisma,
Stenotaphrum, Stipa, Stipagrostis, Stiporyzopsis, Swallenia,
Syntherisma, Taeniatherum, lerrellia, Terrelymus, Thamno-
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calamus, Themeda, Thinopyrum, Thuarea, Thysanolaena,
Torresia, Torreyochloa, Trachynia, Trachypogon, Tragus,
Trichachne, Trichloris, Tricholaena, Trichoneura, Tridens,
Triodia, Triplasis, Tripogomn, Tripsacum, Trisetobromus,
Trisetum, Triticosecale, Triticum (e.g., wheat), Tuctoria,
Uniola, Urachne, Uralepis, Urochloa, Vahlodea, Valota,
Vaseyochloa, Ventenata, Vetiveria, Vilfa, Vulpia, Willkommia,
Yushania, Zea (e.g., corn), Zizania, Zizaniopsis and Zoysia.

Regeneration of Isolated, Recombinant or Transgenic Plants

[0185] Transformed plant cells which are derived by plant
transformation techniques and isolated or recombinant plant
cells derived therefrom, including those discussed above, can
be cultured to regenerate a whole plant which possesses the
desired genotype (i.e., comprising an ACC synthase down-
regulation nucleic acid) and/or thus the desired phenotype,
e.g., improved NUE and/or drought tolerance phenotype,
density tolerant phenotype, etc. The desired cells, which can
be identified, e.g., by selection or screening, are cultured in
medium that supports regeneration. The cells can then be
allowed to mature into plants. For example, such regeneration
techniques can rely on manipulation of certain phytohor-
mones in a tissue culture growth medium, typically relying on
a biocide and/or herbicide marker which has been introduced
into the plant together with the desired nucleotide sequences.

Alternatively, cells, tissues or plants can be screened for
down-regulation of expression and/or activity of ACC syn-
thase, reduction in ethylene production conferred by the ACC
synthase down-regulation nucleic acid sequence, etc. Plant
regeneration from cultured protoplasts is described in Evans,

etal., (1983) Protoplasts Isolation and Culture, Handbook of
Plant Cell Culture, pp 124 176, Macmillan Publishing Com-
pany, New York; Davey, (1983) Proroplasts, pp. 12-29,

Birkhauser, Basal 1983; Dale, (1983) Protoplasts pp. 31-41,

Birkhauser, Basel and Binding (1985) Regeneration of
Plants, Plant Protoplasts pp 21-73, CRC Press, Boca Raton.

Regeneration can also be obtained from plant callus, explants,

organs or parts thereof. Such regeneration techniques are
described generally in Klee, et al., (1987) Ann Rev of Plant
Phys 38:467-486. See also, e.g., Payne and Gamborg. For
transformation and regeneration of maize see, for example,

U.S. Pat. No. 5,736,369.

[0186] Plants cells transformed with a plant expression
vector can be regenerated, e.g., from single cells, callus tissue
or leaf discs according to standard plant tissue culture tech-
niques. It is well known in the art that various cells, tissues
and organs from almost any plant can be successfully cultured
to regenerate an entire plant. Plant regeneration from cultured
protoplasts is described in Evans, et al., Protoplasts Isolation
and Culture, Handbook of Plant Cell Culture, Macmillilan
Publishing Company, New York, pp. 124-176 (1983) and
Binding, Regeneration of Plants, Plant Protoplasts, CRC

Press, Boca Raton, pp. 21-73 (1985).

[0187] The regeneration of plants containing the foreign
gene introduced by Agrobacterium from leaf explants can be
achieved as described by Horsch, et al., (1985) Science 227:

1229-1231. After transformation with Agrobacterium, the
explants typically are transferred to selection medium. One of
skill will realize that the selection medium depends on the
selectable marker that is co-transfected into the explants. In
this procedure, transformants are grown in the presence of a
selection agent and in a medium that induces the regeneration
of shoots in the plant species being transformed as described
by Fraley, etal., (1983) Proc. Nat'l. Acad. Sci. USA, 80:4803.
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This procedure typically produces shoots, e.g., within two to
four weeks, and these transformant shoots (which are typi-
cally about 1-2 cm in length) are then transferred to an appro-
priate root-inducing medium containing the selective agent
and an antibiotic to prevent bacterial growth. Selective pres-
sure is typically maintained in the root and shoot medium.
[0188] Typically, the transformants will develop roots in
about 1-2 weeks and form plantlets. After the plantlets are
about 3-5 cm in height, they are placed in sterile soil in fiber
pots. Those of skill in the art will realize that different accli-
mation procedures are used to obtain transformed plants of
different species. For example, after developing a root and
shoot, cuttings, as well as somatic embryos of transformed
plants, are transferred to medium for establishment of plant-
lets. For a description of selection and regeneration of trans-
formed plants, see, e.g., Dodds and Roberts, (1995) Experi-
ments in Plant Tissue Culture, 3rd Ed., Cambridge University
Press. Transgenic plants may be fertile or sterile.

[0189] The regeneration of plants from either single plant
protoplasts or various explants is well known in the art. See,
for example, Methods for Plant Molecular Biology, Weiss-
bach and Weissbach, eds., Academic Press, Inc., San Diego,
Calif. (1988). This regeneration and growth process includes
the steps of selection of transformant cells and shoots, rooting
the transformant shoots and growth of the plantlets in soil. For
maize cell culture and regeneration see generally, The Maize
Handbook, Freeling and Walbot, Eds., Springer, N.Y. (1994);
Corn and Corn Improvement, 3rd edition, Sprague and Dud-
ley, Eds., American Society of Agronomy, Madison, Wis.
(1988).

[0190] One of skill will recognize that after the recombi-
nant expression cassette is stably incorporated in transgenic
plants and confirmed to be operable, it can be introduced into
other plants by sexual crossing. Any of a number of standard
breeding techniques can be used, depending upon the species
to be crossed.

[0191] Invegetatively propagated crops, mature transgenic
plants can be propagated by the taking of cuttings or by tissue
culture techniques to produce multiple identical plants.
Selection of desirable transgenics is made and new varieties
are obtained and propagated vegetatively for commercial use.
In seed-propagated crops, mature transgenic plants can be
self-pollinated to produce a homozygous inbred plant. The
inbred plant produces seed containing the newly introduced
heterologous nucleic acid. These seeds can be grown to pro-
duce plants that would produce the selected phenotype.
Mature transgenic plants can also be crossed with other
appropriate plants, generally another inbred or hybrid,
including, for example, an isogenic untransformed inbred.
[0192] Parts obtained from the regenerated plant, such as
flowers, seeds, leaves, branches, fruit and the like are included
in the invention, provided that these parts comprise cells
comprising the down-regulation construct or a functional
fragment thereof. Progeny and variants and mutants of the
regenerated plants are also included within the scope of the
invention, provided that these plants comprise the down-
regulation construct or a functional fragment thereof.

[0193] Transgenic plants expressing the selectable marker
can be screened for transmission of the down-regulation con-
struct by, for example, standard immunoblot and DNA detec-
tion techniques. Transgenic lines are also typically evaluated
for levels of expression of the heterologous nucleic acid.
Expression at the RNA level can be determined initially to
identify and quantitate expression-positive plants. Standard
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techniques for RNA analysis can be employed and include
PCR amplification assays using oligonucleotide primers
designed to amplify only the heterologous RNA templates
and solution hybridization assays using heterologous nucleic
acid-specific probes. In addition, in situ hybridization and
immunocytochemistry according to standard protocols can
be done using heterologous nucleic acid specific polynucle-
otide probes to localize sites of expression within transgenic
tissue. Generally, a number of transgenic lines are screened
for the incorporated nucleic acid to identify and select plants
with the most appropriate expression profiles.

[0194] Someembodiments comprise a transgenic plant that
is homozygous for the added heterologous nucleic acid; i.e.,
a transgenic plant that contains two added nucleic acid
sequences at corresponding loci on each chromosome of a
chromosome pair. A homozygous transgenic plant can be
obtained by sexually mating (selfing) a heterozygous (aka
hemizygous) transgenic plant that contains a single added
heterologous nucleic acid, germinating some of the seed pro-
duced and analyzing the resulting plants produced for altered
expression of a polynucleotide of the present invention rela-
tive to a control plant. Back-crossing to a parental plant and
out-crossing with a non-transgenic plant or with a plant trans-
genic for the same or another trait or traits are also contem-
plated.

[0195] Itisalso expected that the transformed plants will be
used in traditional breeding programs, including TOPCROSS
pollination systems as disclosed in U.S. Pat. No. 5,706,603
and U.S. Pat. No. 5,704,160, the disclosure of each of which
is incorporated herein by reference.

[0196] In addition to Berger, Ausubel and Sambrook, use-
ful general references for plant cell cloning, culture and
regeneration include Jones, (ed) (1995) Plant Gene Transfer
and Expression Protocols—Methods in Molecular Biology,
Volume 49 Humana Press Towata N.J.; Payne, et al., (1992)
Plant Cell and Tissue Culture in Liquid Systems, John Wiley
& Sons, Inc. New York, N.Y. (Payne) and Gamborg and
Phillips, (eds) (1995) Plant Cell, Tissue and Organ Culture;
Fundamental Methods Springer Lab Manual, Springer-Ver-
lag (Berlin Heidelberg New York) (Gamborg). A variety of
cell culture media are described in Atlas and Parks, (eds) The
Handbook of Microbiological Media (1993) CRC Press,
Boca Raton, Fla. (Atlas). Additional information for plant cell
culture is found in available commercial literature such as the
Life Science Research Cell Culture Catalogue (1998) from
Sigma-Aldrich, Inc (St. Louis, Mo.) (Sigma-LSRCCC) and,
e.g., the Plant Culture Catalogue and supplement (1997) also
from Sigma-Aldrich, Inc (St Louis, Mo.) (Sigma-PCCS).
Additional details regarding plant cell culture are found in
Croy, (ed.) (1993) Plant Molecular Biology Bios Scientific
Publishers, Oxford, UK.

“Stacking” of Constructs and Traits

[0197] In certain embodiments, the nucleic acid sequences
of the present invention can be used in combination
(“stacked”) with other polynucleotide sequences of interest in
order to create plants with a desired phenotype. The poly-
nucleotides of the present invention may be stacked with any
gene or combination of genes and the combinations generated
can include multiple copies of any one or more of the poly-
nucleotides of interest. Stacking can be performed either
through molecular stacking or through a conventional breed-
ing approach. Site-specific integration of one or more trans-
genes at the ACS locus is also possible. The desired combi-
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nation may affect one or more ftraits; that is, certain
combinations may be created for modulation of gene expres-
sion affecting ACC synthase activity and/or ethylene produc-
tion. Other combinations may be designed to produce plants
with a variety of desired traits, including but not limited to
traits desirable for animal feed such as high oil genes (e.g.,
U.S. Pat. No. 6,232,529); balanced amino acids (e.g. hordo-
thionins (U.S. Pat. Nos. 5,990,389; 5,885,801; 5,885,802 and
5,703,409); barley high lysine (Williamson, etal., (1987) Eur.
J. Biochem. 165:99-106 and WO 98/20122) and high
methionine proteins (Pedersen, et al., (1986) J. Biol. Chem.
261:6279; Kirihara, et al., (1988) Gene 71:359 and
Musumura, et al., (1989) Plant Mol. Biol. 12:123)); increased
digestibility (e.g., modified storage proteins (U.S. patent
application Ser. No. 10/053,410, filed Nov. 7, 2001) and
thioredoxins (U.S. patent application Ser. No. 10/005,429,
filed Dec. 3, 2001)), the disclosures of which are herein
incorporated by reference. The polynucleotides of the present
invention can also be stacked with traits desirable for insect,
disease or herbicide resistance (e.g., Bacillus thuringiensis
toxic proteins (U.S. Pat. Nos. 5,366,892; 5,747,450, 5,737,
514; 5,723,756; 5,593,881; Geiser, et al., (1986) Gene
48:109); lectins (Van Damme, et al., (1994) Plant Mol. Biol.
24:825); fumonisin detoxification genes (U.S. Pat. No. 5,792,
931); avirulence and disease resistance genes (Jones, et al.,
(1994) Science 266:789; Martin, et al., (1993) Science 262:
1432; Mindrinos, et al., (1994) Cell 78:1089); acetolactate
synthase (ALS) mutants that lead to herbicide resistance such
as the S4 and/or Hra mutations; inhibitors of glutamine syn-
thase such as phosphinothricin or basta (e.g., bar gene) and
glyphosate resistance (EPSPS and/or glyphosate N-acetyl-
transferase (GAT) genes; see, for example, U.S. Pat. Nos.
7,462,481; 7,531,339, 7,405,075; 7,666,644; 7,622,641 and
7,714,188); and traits desirable for processing or process
products such as high oil (e.g., U.S. Pat. No. 6,232,529);
modified oils (e.g., fatty acid desaturase genes (U.S. Pat. No.
5,952,544; WO 94/11516)); modified starches (e.g., ADPG
pyrophosphorylases (AGPase), starch synthases (SS), starch
branching enzymes (SBE) and starch debranching enzymes
(SDBE)) and polymers or bioplastics (e.g., U.S. Pat. No.
5,602,321; beta-ketothiolase, polyhydroxybutyrate synthase
and acetoacetyl-CoA reductase (Schubert, et al., (1988) J.
Bacteriol. 170:5837-5847) facilitate expression of polyhy-
droxyalkanoates (PHAs)), the disclosures of which are herein
incorporated by reference. One could also combine the poly-
nucleotides of the present invention with polynucleotides
affecting agronomic traits such as male sterility (e.g., see,
U.S. Pat. No. 5,583,210), stalk strength, flowering time or
transformation technology traits such as cell cycle regulation
or gene targeting (e.g. WO 99/61619; WO 00/17364; WO
99/25821), the disclosures of which are herein incorporated
by reference.

[0198] For example, in addition to an ACS downregulation
expression cassette (which may be an ACS6 downregulation
expression cassette), a stacked combination may include one
or more expression cassettes providing one or more of the
following: modulation of ABA perception/response targeted
to reproductive tissues (e.g., eepl promoter driving Arabi-
dopsis ABI1 mutant; see, US Patent Publication Number
2004/0148654); modulation of cytokinin expression or activ-
ity (see, e.g., US Patent Publication Number 2009/0165177
and U.S. Pat. No. 6,992,237); modulation of cis-prenyltrans-
ferase expression or activity (see, e.g., U.S. Pat. Nos. 6,645,
747 and 7,273,737; modulation of cellulose synthase (see,
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e.g., U.S. Pat. Nos. 7,214,852 and 7,524,933). In one or more
of these stacks, the ACS downregulation expression cassette
may comprise a tissue-preferred promoter (see, e.g., the eep5
promoter disclosed in US Patent Publication Number 2009/
0307800 or the eepl promoter disclosed in US Patent Publi-
cation Number 2004/0237147).

[0199] These stacked combinations can be created by any
method, including but not limited to cross breeding plants by
any conventional or TopCross methodology or genetic trans-
formation. If the traits are stacked by genetically transform-
ing the plants, the polynucleotide sequences of interest can be
combined at any time and in any order. For example, a trans-
genic plant comprising one or more desired traits can be used
as the target to introduce further traits by subsequent trans-
formation. The traits can be introduced simultaneously in a
co-transformation protocol with the polynucleotides of inter-
est provided by any combination of transformation cassettes.
For example, if two sequences will be introduced, the two
sequences can be contained in separate transformation cas-
settes (trans) or contained on the same transformation cas-
sette (cis). Expression of the sequences of interest can be
driven by the same promoter or by different promoters. In
certain cases, it may be desirable to introduce a transforma-
tion cassette that will suppress the expression of a polynucle-
otide of interest. This may be accompanied by any combina-
tion of other suppression cassettes or over-expression
cassettes to generate the desired combination of traits in the
plant.

Use in Breeding Methods

[0200] Thetransformed plants of the invention may be used
in a plant breeding program. The goal of plant breeding is to
combine, in a single variety or hybrid, various desirable traits.
For field crops, these traits may include, for example, resis-
tance to diseases and insects, tolerance to heat and drought,
reduced time to crop maturity, greater yield and better agro-
nomic quality. With mechanical harvesting of many crops,
uniformity of plant characteristics such as germination and
stand establishment, growth rate, maturity and plant and ear
height is desirable. Traditional plant breeding is an important
tool in developing new and improved commercial crops. This
invention encompasses methods for producing a maize plant
by crossing a first parent maize plant with a second parent
maize plant wherein one or both of the parent maize plants is
a transformed plant displaying a drought tolerance pheno-
type, a sterility phenotype, a density tolerance phenotype or
the like, as described herein.

[0201] Plant breeding techniques known in the art and used
in a maize plant breeding program include, but are not limited
to, recurrent selection, bulk selection, mass selection, back-
crossing, pedigree breeding, open pollination breeding,
restriction fragment length polymorphism enhanced selec-
tion, genetic marker enhanced selection, doubled haploids
and transformation. Often combinations of these techniques
are used.

[0202] The development of maize hybrids in a maize plant
breeding program requires, in general, the development of
homozygous inbred lines, the crossing of these lines and the
evaluation of the crosses. There are many analytical methods
available to evaluate the result of a cross. The oldest and most
traditional method of analysis is the observation of pheno-
typic traits. Alternatively, the genotype of a plant can be
examined.
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[0203] A genetic trait which has been engineered into a
particular maize plant using transformation techniques can be
moved into another line using traditional breeding techniques
that are well known in the plant breeding arts. For example, a
backcrossing approach is commonly used to move a trans-
gene from a transformed maize plant to an elite inbred line
and the resulting progeny would then comprise the transgene
(s). Also, if an inbred line was used for the transformation,
then the transgenic plants could be crossed to a different
inbred in order to produce a transgenic hybrid maize plant. As
used herein, “crossing” can refer to a simple X by Y cross or
the process of backcrossing, depending on the context.

[0204] The development of a maize hybrid in a maize plant
breeding program involves three steps: (1) the selection of
plants from various germplasm pools for initial breeding
crosses; (2) the selfing of the selected plants from the breed-
ing crosses for several generations to produce a series of
inbred lines, which, while different from each other, breed
true and are highly homozygous and (3) crossing the selected
inbred lines with different inbred lines to produce the hybrids.
During the inbreeding process in maize, the vigor of the lines
decreases. Vigor is restored when two different inbred lines
are crossed to produce the hybrid. An important consequence
of the homozygosity and homogeneity of the inbred lines is
that the hybrid created by crossing a defined pair of inbreds
will always be the same. Once the inbreds that give a superior
hybrid have been identified, the hybrid seed can be repro-
duced indefinitely as long as the homogeneity of the inbred
parents is maintained.

[0205] Transgenic plants of the present invention may be
used to produce, e.g., a single cross hybrid, a three-way
hybrid or a double cross hybrid. A single cross hybrid is
produced when two inbred lines are crossed to produce the F1
progeny. A double cross hybrid is produced from four inbred
lines crossed in pairs (AxB and CxD) and then the two F1
hybrids are crossed again (AxB) times (CxD). A three-way
cross hybrid is produced from three inbred lines where two of
the inbred lines are crossed (AxB) and then the resulting F1
hybrid is crossed with the third inbred (AxB)xC. Much of the
hybrid vigor and uniformity exhibited by F1 hybrids is lost in
the next generation (F2). Consequently, seed produced by
hybrids is consumed rather than planted.

Kits for Modulating Drought Tolerance or Other Traits

[0206] Certain embodiments of the invention can option-
ally be provided to a user as a kit. For example, a kit of the
invention can contain one or more nucleic acid, polypeptide,
antibody, diagnostic nucleic acid or polypeptide, e.g., anti-
body, probe set, e.g., as a cDNA microarray, one or more
vector and/or cell line described herein. Most often, the kit is
packaged in a suitable container. The kit typically further
comprises one or more additional reagents, e.g., substrates,
labels, primers or the like for labeling expression products,
tubes and/or other accessories, reagents for collecting
samples, buffers, hybridization chambers, cover slips, etc.
The kit optionally further comprises an instruction set or user
manual detailing preferred methods of using the kit compo-
nents for discovery or application of gene sets. When used
according to the instructions, the kit can be used, e.g., for
evaluating expression or polymorphisms in a plant sample,
e.g., for evaluating ACC synthase activity, ethylene produc-
tion, density resistance potential, sterility, etc. Alternatively,
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the kit can be used according to instructions for using at least
one ACC synthase polynucleotide sequence to modulate
drought tolerance in a plant.

[0207] As another example, a kit includes a container con-
taining at least one polynucleotide sequence comprising a
nucleic acid sequence, wherein the nucleic acid sequence is,
e.g., at least about 70%, at least about 75%, at least about
80%, at least about 85%, at least about 90%, at least about
95%, at least about 99%, about 99.5% or more, identical to
SEQ ID NO: 1, 2, 3 or 4 or a subsequence thereof or a
complement thereof. The kit optionally also includes instruc-
tional materials for the use of the at least one polynucleotide
sequence in a plant.

Other Nucleic Acid and Protein Assays

[0208] In the context of the invention, nucleic acids and/or
proteins are manipulated according to well known molecular
biology methods. Detailed protocols for numerous such pro-
cedures are described in, e.g., in Ausubel, et al., Current
Protocols in Molecular Biology (supplemented through
2004) John Wiley & Sons, New York (“Ausubel”); Sambrook,
et al., Molecular Cloning—A Laboratory Manual (2nd Ed.),
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Science 241:1077; Van Brunt, (1990) Biotechnology 8:291;
Wu and Wallace, (1989) Gene 4:560; Barringer, et al., (1990)
Gene 89:117 and Sooknanan and Malek, (1995) Biotechnol-
ogy 13:563. Additional methods, useful for cloning nucleic
acids in the context of the invention, include Wallace, et al.,
U.S. Pat. No. 5,426,039. Improved methods of amplifying
large nucleic acids by PCR are summarized in Cheng, et al.,
(1994) Nature 369:684 and the references therein.

[0210] Certain polynucleotides of the invention can be syn-
thesized utilizing various solid-phase strategies involving
mononucleotide- and/or trinucleotide-based phosphoramid-
ite coupling chemistry. For example, nucleic acid sequences
can be synthesized by the sequential addition of activated
monomers and/or trimers to an elongating polynucleotide
chain. See, e.g., Caruthers, et al., (1992) Meth Enzymol 211:3.
In lieu of synthesizing the desired sequences, essentially any
nucleic acid can be custom ordered from any of a variety of
commercial sources, such as The Midland Certified Reagent
Company (mcrc@oligos.com) (Midland, Tex.), The Great
American Gene Company (available on the World Wide Web
at genco.com) (Ramona, Calif.), ExpressGen, Inc. (available
on the World Wide Web at expressgen.com) (Chicago, Il1.),
Operon Technologies, Inc. (available on the World Wide Web
at operon.com) (Alameda, Calif.) and many others.

TABLE 1

Sequence Identification.

DESCRIPTION

TR3 ACS6 down-regulation sequence
TR4 ACS6 down-regulation sequence
Entire plasmid sequence
Comprising TR3, ADH1 intron 1, and TR4
Comprising UBI1Zm promoter, UBI1Zm 5'UTR, UBI1Zm Intron 1, TR3,
ADHI1 intron 1, and TR4
Comprising UBI1Zm promoter, UBI1Zm 5'UTR, UBI1Zm Intron 1, TR3,
ADHI intron 1, TR4, ATTB2, FRT12, UBI1Zm promoter, UBI1Zm 5’
UTR, UBI1Zm Intron 1, MO-PAT, and Pinll terminator
Complete ACS down-regulation expression cassette
Sorghum bicolor PEP carboxylase promoter
genomic maize ACS3 sequence
UTR and CDS of maize ACS3 sequence
maize ACS3 amino acid sequence
rice ACS6 coding sequence

Position
SEQ  within SEQ ID
ID NO: NO: 3

1 3272-3776
2 4332-4874
3 1-51, 280
4 3272-4874
5 1218-4874
6 1218-7989
7 1-8350
8 n/a
9 n/a

10 n/a

11 n/a

12 n/a

13 n/a

rice ACS6 amino acid sequence

Vol. 1-3, Cold Spring Harbor Laboratory, Cold Spring Har-
bor, N.Y., (1989) (“Sambrook™) and Berger and Kimmel,
Guide to Molecular Cloning Techniques, Methods in Enzy-
mology volume 152 Academic Press, Inc., San Diego, Calif.
(“Berger”).

[0209] In addition to the above references, protocols for in
vitro amplification techniques, such as the polymerase chain
reaction (PCR), the ligase chain reaction (LCR), Qp-repli-
case amplification and other RNA polymerase mediated tech-
niques (e.g., NASBA), useful, e.g., for amplifying polynucle-
otides of the invention, are found in Mullis, et al., (1987) U.S.
Pat. No. 4,683,202; PCR Protocols A Guide to Methods and
Applications (Innis, et al., eds) Academic Press Inc. San
Diego, Calif. (1990) (“Innis”); Arnheim and Levinson,
(1990) C&EN 36; The Journal Of NIH Research (1991) 3:81;
Kwoh, et al., (1989) Proc Natl Acad Sci USA 86:1173; Gua-
telli, et al., (1990) Proc Natl Acad Sci USA 87:1874; Lomell,
etal., (1989) J Clin Chem 35:1826; Landegren, et al., (1988)

EXAMPLES

[0211] The following examples are offered to illustrate, but
not to limit, the claimed invention. Various modifications by
persons skilled in the art are to be included within the spirit
and purview of this application and scope of the appended
claims.

Example 1
Protein Extraction

[0212] For total protein isolation, maize leaves are col-
lected at the indicated times, quick-frozen in liquid nitrogen
and ground to a fine powder. One ml of extraction buffer (20
mM HEPES (pH 7.6), 100 mM KCIl, 10% Glycerol) is added
to approximately 0.1 g frozen powder and mixed thoroughly.
Samples are centrifuged 10 minutes at 10,000 rpm, the super-
natant removed to a new tube and the concentration deter-
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mined spectrophotometrically according to the methods of
Bradford, (1976). See, Bradford, (1976) Aral. Biochem.
72:248-254.

Chlorophyll Extraction

[0213] Leaves are frozen in liquid nitrogen and ground to a
fine powder. Samples of approximately 0.1 g are removed to
a 1.5 ml tube and weighed. Chlorophyll is extracted 5x with
1 ml (or 0.8 ml) of 80% acetone. Individual extractions are
combined and the final volume adjusted to 10 ml (or 15 ml)
with additional 80% acetone. Chlorophyll content (a+b) is
determined spectrophotometrically according to the methods
of Wellburn, (1994). See, Wellburn, (1994) J. Plant Physiol.
144:307-313.

Measurement of Photosynthesis

[0214] Plants are grown in the field under normal and
drought-stress conditions. Under normal conditions, plants
are watered with an amount sufficient for optimum growth
and yield. For drought-stressed plants, water may be limited
for a period starting approximately one week before pollina-
tion and continuing through three weeks after pollination.
During the period of limited water availability, drought-
stressed plants may show visible signs of wilting and leaf
rolling. The degree of stress may be calculated as % yield
reduction relative to that obtained under well-watered condi-
tions. Transpiration, stomatal conductance and CO, assimi-
lation are determined with a portable TPS-1 Photosynthesis
System (PP Systems, Amesbury, Mass.). Each leat on a plant
may be measured, e.g. at forty days after pollination. Values
typically represent a mean of six determinations.

DNA and RNA Purification

[0215] For total nucleic acid isolation, maize leaves are
collected at desired times, quick-frozen in liquid nitrogen and
ground to a fine powder. Ten ml of extraction buffer (100 mM
Tris (pH 8.0), 50 mM EDTA, 200 mM NaCl, 1% SDS, 10
ul/ml B-mercaptoethanol) is added and mixed thoroughly
until thawed. Ten ml of Phenol/Chloroform (1:1, vol:vol) is
added and mixed thoroughly. Samples are centrifuged 10 min
at 8,000 rpm, the supernatant is removed to anew tube and the
nucleic acid is precipitated at —20° C. following addition of
Y10 vol 3M sodium acetate and 1 vol isopropanol. Total
nucleic acid is pelleted by centrifugation at 8,000 rpm and
resuspended in 1 ml TE. One half of the prep is used for DNA
purification and the remaining half is used for RNA purifica-
tion. Alternatively, DNA or total nucleic acids can be
extracted from 1 cm? of seedling leaf, quick-frozen in liquid
nitrogen and ground to a fine powder. 600 pul of extraction
buffer [ 100 mM Tris (pH 8.0), 50 mM EDTA, 200 mM NacCl,
1% SDS, 10 ul/ml f-mercaptoethanol] is added and the
sample mixed. The sample is extracted with 700 ul phenol/
chloroform (1:1) and centrifuged for 10 minutes at 12,000
rpm. DNA is precipitated and resuspended in 600 ul H20.

[0216] For DNA purification, 500 pug Dnase-free Rnase is
added to the tube and incubated at 37° C. for 1 hr. Following
Rnase digestion, an equal volume of Phenol/Chloroform (1:1,
vol:vol) is added and mixed thoroughly. Samples are centri-
fuged 10 min at 10,000 rpm, the supernatant is removed to a
new tube and the DNA precipitated at -20° C. following
addition of Y10 vol 3M sodium acetate and 1 vol isopropanol.
DNA is resuspended in sterile water and the concentration is
determined spectrophotometrically. To determine DNA
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integrity, 20 mg of DNA is separated on a 1.8% agarose gel
and visualized following staining with ethidium bromide.
[0217] RNA is purified by 2 rounds of LiCl, precipitation
according to methods described by Sambrook, et al., supra.

Real-Time RT-PCR Analysis

[0218] Fifty pg total RNA is treated with RQ1™ DNase
(Promega) to ensure that no contaminating DNA is present.
Two pg total RNA is used directly for cDNA synthesis using
the Omniscript™ reverse transcription kit (Qiagen) with
oligo-dT(20) as the primer.

[0219] Analysis of transcript abundance is accomplished
using the QuantiTect™ SYBR Green PCR kit (Qiagen).
Reactions contain 1x buffer, 0.5 pul of the reverse transcription
reaction (equivalent to 50 ng total RNA) and 0.25 uM (final
concentration) forward and reverse primers in a total reaction
volume of 25 pl.

[0220] Reactions are carried out using an ABI PRISM 7700
sequence detection system under the following conditions:
95° C./115 minutes (1 cycle); 950/30 sec, 62° C./30 sec, 72°
C./2 minute (50 cycles); 72° C./5 minutes (1 cycle). Each
gene is analyzed a minimum is of four times.

[0221] Primer combinations are initially run and visualized
on an agarose gel to confirm the presence of a single product
of'the correct size. Amplification products are subcloned into
the pGEM®-T Easy Vector System (Promega) to use for
generation of standard curves to facilitate conversion of
expression data to a copy/iug RNA basis.

Ethylene Determination

[0222] Ethylene may be measured from leaves, such as the
second fully-expanded leaf of seedlings at the 4-leaf stage or
the terminal 15 cm of leaves of plants 20, 30 or 40 days after
pollination (DAP). Leaves are harvested at the indicated time
or times and allowed to recover between moist paper towels
for 2 hours prior to collecting ethylene. Leaves are placed into
glass vials and capped with a rubber septum. Following a 3-to
4-hour incubation, 0.9 mL ofheadspace is sampled from each
vial.

[0223] Ethylene may be measured from developing kernels
at four time points: 14, 21, 27 and 29 days after pollination
(DAP). Kernels are harvested and incubated in well-circu-
lated air for 2 hr to liberate any stress ethylene. Kernels are
then placed into 5 mL glass vials and immediately sealed with
airtight subaseal stoppers or crimp tops. The vials are then
incubated in the dark for 24 h at 28° C. Following this incu-
bation, 0.2 mL of headspace is sampled from each vial.
[0224] Ethylene content is measured using an GC6890
series gas chromatography system with FID detection (Agi-
lent Technologies, Palo Alto, Calif.) with the following
parameters: Column J&W Porous Layer Open Tubular
(PLOT) with HP-AL/M stationary phase; size 50 mx0.535
mmx15 pm; oven temperature 75° C. isothermal; run time 2
minutes; injector 250° C. splitless, pressure 22 psi. Standards
used are from Praxair (Danbury, Conn.) for 10 ppm, 50 ppm
and 100 ppm ethylene in an air balance. The limit of detection
(LOD) is approximately 0.1 ppm; the limit of quantitation
(LOQ) is approximately 0.5 ppm.

Western Blot Analysis

[0225] Leaves are collected at the indicated times and
ground in liquid nitrogen to a fine powder. One ml of extrac-
tion buffer [20 mM HEPES (pH 7.6), 100 mM KCl, 10%
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glycerol, 1 mM PMSF] is added to approximately 0.1 g frozen
powder and mixed thoroughly. Cell debris is pelleted by
centrifugation at 10,000 rpm for 10 min and the protein con-
centration determined as described (Bradford, 1976). Antise-
rum raised against the large subunit of rice Rubisco is
obtained from Dr. Tadahiko Mae (Tohoku University, Sendai,
Japan). Protein extracts are resolved using standard SDS-
PAGE and the protein transferred to 0.22 pum nitrocellulose
membrane by electroblotting. Following transfer, the mem-
branes are blocked in 5% milk, 0.01% thimerosal in TPBS
(0.1% TWEEN® 20, 13.7 mM NaCl, 0.27 mM KCl, 1 mM
Na2HPO4, 0.14 mM KH2PO4) followed by incubation with
primary antibodies diluted typically 1:1000 to 1:2000 in
TPBS with 1% milk for 1.5 hrs. The blots are then washed
twice with TPBS and incubated with goat anti-rabbit horse-
radish peroxidase-conjugated antibodies (Southern Biotech-
nology Associates, Inc.) diluted to 1:5000 to 1:10,000 for 1 hr.
Theblots are washed twice with TPBS and the signal detected
typically between 1 to 15 min using chemiluminescence
(Amersham Corp).

Example 2

ACC Synthase Down-Regulation by Hairpin RNA
Expression

[0226] As noted previously, plant cells and plants can be
modified by introduction of an ACC synthase polynucleotide
sequence configured for RNA silencing or interference. This
example describes hairpin RNA expression cassettes for
modifying ethylene production, drought tolerance, NUE,
seed or biomass yield, density tolerance or other phenotypes,
e.g., in maize. As noted previously, down-regulation of ACC
synthase(s), e.g., by hairpin RNA (hpRNA) expression, can
result in plants or plant cells having reduced expression (up to
and including no detectable expression) of one or more ACC
synthases.

[0227] Expression of hpRNA molecules specific for one or
more ACC synthase genes (e.g., ACC synthase promoters,
other untranslated regions or coding regions) in plants can
alter phenotypes such as ethylene production, drought toler-
ance, density tolerance, seed or biomass yield and/or nitrogen
use efficiency of the plants, through RNA interference.
[0228] An hpRNA construct as described herein is gener-
ated by linking a ubiquitin promoter to a portion of the coding
sequence of an ACS gene, such as the ACS6 gene and its
inverted repeat sequence. Each construct is transformed into
maize using Agrobacterium-mediated transformation tech-
niques or another known transformation method. Nucleic
acid molecules and methods for preparing the constructs and
transforming maize are as previously described and known in
the art; see, e.g., the sections herein entitled “Plant Transfor-
mation Methods,” “Other Nucleic Acid and Protein Assays”
and the following example “Transformation of Maize”.
[0229] Expression of hpRNA targeting one or more ACC
synthase genes, such as an ACS6 coding sequence, may result
in maize plants that display no detrimental effects in vegeta-
tive and reproductive growth. Sequence of a plasmid com-
prising such an hpRNA construct a construct of the invention
is provided in SEQ ID NO: 3. FIG. 6 is a schematic of a
representative expression cassette; the expression cassette
sequence is provided in SEQ ID NO: 7. FIG. 1 provides a
listing of features of a plasmid comprising a representative
expression cassette.

Example 3
Yield Evaluation—Season 1

[0230] Transformed plants of genetic background #1, com-
prising the sequence of SEQ ID NO: 4 were evaluated for

Oct. 13,2011

yield under four environments. Eight reps were grown under
flowering stress in Environment 1; 6 reps were grown under
grain fill stress in Environment 2; 6 reps were grown under
grain fill stress in Environment 3 and 4 reps were grown under
rain-fed conditions in Environment 4. Yields were compared
with a highly repeated construct null (CN) comprising non-
transgenic segregants of plants transformed with the con-
struct. The data are shown in FIGS. 2-5.

[0231] FIG. 2 shows the yield of transformed plants of the
invention under flowering stress in Environment 1. Each bar
represents a separate transformation event. Average yield of
transgene-negative segregants is shown (139 bu/a) as control
(CN). A total of 74% of the events yielded nominally more
than the control plants. Plants representing 18 transgenic
events outyielded the control at P<0.10.

[0232] FIG. 3 shows the yield of transformed plants of the
invention under grain-fill stress in Environment 2. Each bar
represents a separate transformation event. Average yield of
transgene-negative segregants is shown (176 bu/a) as control
(CN). Thirteen events out-yielded the CN at P<(0.10. Of these,
eight had also shown significant improvement under flower-
ing stress.

[0233] FIG. 4 shows the yield, as a percent of control, of
transformed plants of the invention (indicated by a circle), as
well as plants transformed using an alternative ACS6 down-
regulation vector (indicated by a square) under grain fill stress
in Environment 3. Each data point represents a separate trans-
formation event. NS=not significant. The control plants are
bulked transgene-negative segregants. As can be seen, 64% of
the events of the invention had significantly superior yield;
only 17% of'the alternative ACS6 down-regulation events had
significantly superior yield, relative to the control.

[0234] FIG. 5 shows the yield, as a percent of control, of
transformed plants of the invention (indicated by a circle), as
well as plants transformed using an alternative ACS6 down-
regulation construct (indicated by a square) under rain-fed
conditions in Environment 4. Each data point represents a
separate transformation event. NS=not significant. The con-
trol plants are bulked transgene-negative segregants. As can
be seen, all points exhibiting statistically significant increases
in yield represent events as disclosed herein. In addition, all
points exhibiting statistically significant decreases in yield
are events containing the alternative ACS6 down-regulation
construct.

[0235] Without being limited to any particular theory, the
construct as herein disclosed provides improvement in yield
and other phenotypic traits by modulating ACS expression.
For example, inclusion of an intron (e.g., Adh1 intron) within
the ACS6 hairpin may modulate ACS6 downregulation
within an effective range. Alternatively or additionally, the
construct of the invention may impact expression of other
genes, for example ACS2 and/or ACS3.

Example 4

Screening of Gaspe Bay Flint Derived Maize Lines
Under Nitrogen Limiting Conditions

[0236] Transgenic plants will contain two or three doses of
Gaspe Flint-3 with one dose of GS3 (GS3/(Gaspe-3)2x or
GS3/(Gaspe-3)3x) and will segregate 1:1 for a dominant
transgene. Transgenic GS3xGaspe T1 seeds and their respec-
tive nulls will be planted in 4-inch pots containing
TURFACE®, a commercial potting medium and watered
four times each day with 1 mM KNO; growth medium and
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with 2 mM (or higher) KNO; growth medium. After emer-
gence, plants will be sampled to determine which are trans-
genic and which are nulls. At anthesis, plants are harvested
and dried in a 70° C. oven for 72 hours and the shoot and ear
dry weight determined. Results are analyzed for statistical
significance. Expression of a transgene results in plants with
improved nitrogen use efficiency in 1 mM KNO; when com-
pared to a transgenic null. Increase in biomass, greenness
and/or ear size at anthesis indicates increased NUE.

Example 5
NUE Assay

[0237] Seeds of Arabidopsis thaliana (control and trans-
genic line), ecotype Columbia, are surface sterilized
(Sancheyz, et al., 2002) and then plated on to Murashige and
Skoog (MS) medium containing 0.8% (w/v) Bacto™-Agar
(Difco). Plates are incubated for 3 days in darkness at4° C. to
break dormancy (stratification) and transferred thereafter to
growth chambers (Conviron, Manitoba, Canada) at a tem-
perature of 20° C. under a 16-h light/8-h dark cycle. The
average light intensity is 120 uE/m2/s. Seedlings are grown
for 12 days and then transferred to soil based pots. Potted
plants are grown on a nutrient-free soil LB2 Metro-Mix® 200
(Scott’s Sierra Horticultural Products, Marysville, Ohio,
USA) in individual 1.5-in pots (Arabidopsis system; Lehle
Seeds, Round Rock, Tex., USA) in growth chambers, as
described above. Plants are watered with 0.6 or 6.5 mM
potassium nitrate in the nutrient solution based on Murashige
and Skoog (MS free Nitrogen) medium. The relative humid-
ity is maintained around 70%. Sixteen to eighteen days later,
plant shoots are collected for evaluation of biomass and
SPAD (chlorophyll) readings.

Example 6
Sucrose Growth Assay

[0238] The Columbia line of Arabidopsis thaliana is
obtained from the Arabidopsis Biological Resource Center
(Columbus, Ohio). For early analysis (Columbia and T3
transgenic lines), seed are surface-sterilized with 70% etha-
nol for 5 minutes followed by 40% Clorox® for 5 minutes and
rinsed with sterile deionized water. Surface-sterilized seed
are sown onto square Petri plates (25 cm) containing 95 mL of
sterile medium consisting of 0.5 Murashige and Skoog (1962)
salts (Life Technologies) and 4% (w/v) phytagel (Sigma). The
medium contains no supplemental sucrose. Sucrose is added
to medium in 0.1%, 0.5% and 1.5% concentration. Plates are
arranged vertically in plastic racks and placed in a cold room
for 3 days at 4° C. to synchronize germination. Racks with
cold stratified seed are then transferred into growth chambers
(Conviron, Manitoba, Canada) with day and night tempera-
tures of 22 and 20° C., respectively. The average light inten-
sity at the level of the rosette is maintained at 110 mol/m2/
secl during a 16-hr light cycle development beginning at
removal from the cold room (day 3 after sowing) until the
seedlings are harvested on day 14. Images are taken and total
fresh weight of root and shoot are measured.

Example 7
Low Nitrogen Seedling Assay Protocol

[0239] Seed of transgenic events are separated into trans-
gene and null seed. Two different random assignments of
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treatments are made to each block of 54 pots arranged 6 rows
of'9 columns using 9 replicates of all treatments. In one case
null seed of 5 events of the same construct are mixed and used
as control for comparison of the 5 positive events in this
block, making up 6 treatment combinations in each block. In
the second case, 3 transgenic positive treatments and their
corresponding nulls are randomly assigned to the 54 pots of
the block, making 6 treatment combinations for each block,
containing 9 replicates of all treatment combinations. In the
first case transgenic parameters are compared to a bulked
construct null and in the second case transgenic parameters
are compared to the corresponding event null. In cases where
there are 10, or 20 events in a construct, the events are
assigned in groups of 5 events, the variances calculated for
each block of 54 pots but the block null means pooled across
blocks before mean comparisons are made.

[0240] Two seed of each treatment are planted in 4 inch,
square pots containing TURFACE®-MVP on 8 inch, stag-
gered centers and watered four times each day with a solution
containing the following nutrients:

1 mM CaCl, 2mM MgSO, 0.5 mMKH,PO, 83 ppm Sprint330

3 mM KCl 1 mM KNO, 1uM ZnSO, 1 uM MnCl,
3uMH;BO, 1uMMnCl, 0.1uMCuSO, 0.1 uM NaMoO,
[0241] After emergence the plants are thinned to one seed

per pot. Seedlings are harvested 18 days after planting. At
harvest, plants are removed from the pots and the Turface
washed from the roots. The roots are separated from the
shoot, placed in a paper bag and dried at 70° C. for 70 hr. The
dried plant parts (roots and shoots) are weighed and placed in
a 50 ml conical tube with approximately 20%42 inch steel balls
and ground by shaking in a paint shaker. Approximately, 30
mg of the ground tissue is hydrolyzed in 2 ml of 20% H,O,
and 6M H,SO,, for 30 minutes at 170° C. After cooling, water
is added to 20 ml, mixed thoroughly, and a 50 pl aliquot
removed and added to 950 pl 1 M Na,COj;. The ammonia in
this solution is used to estimate total reduced plant nitrogen
by placing 100 pl of this solution in individual wells of a 96
well plate followed by adding 50 ul of OPA solution. Fluo-
rescence, excitation=360 nM/emission=530 nM, is deter-
mined and compared to NH,Cl standards dissolved in a simi-
lar solution and treated with OPA solution.

OPA solution-5 ul Mercaptoethanol+1 ml OPA stock
solution

OPA stock-50 mg o-phthadialdehyde(OPA-Sigma
#P0657)dissolved in 1.5 ml methanol+4.4 ml 1 M
Borate buffer pH9.5 (3.09 g H3BO,4+1 g NaOH in 50
ml water)+0.55 ml 20% SDS

[0242] The following parameters are measured and means
compared to null mean parameters using a Student’s t test:
total plant biomass; root biomass; shoot biomass; root/shoot
ratio; plant N concentration; total plant N.

[0243] Variance is calculated within each block using a
nearest neighbor calculation as well as by Analysis of Vari-
ance (ANOVA) using a completely random design (CRD)
model. An overall treatment effect for each block is calculated
using an F statistic by dividing overall block treatment mean
square by the overall block error mean square.
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Example 8
Transformation of Maize
Biolistics

[0244] Polynucleotides contained within a vector can be
transformed into embryogenic maize callus by particle bom-
bardment, generally as described by Tomes, et al., Plant Cell,
Tissue and Organ Culture: Fundamental Methods, Eds. Gam-
borg and Phillips, Chapter 8, pgs. 197-213 (1995) and as
briefly outlined below. Transgenic maize plants can be pro-
duced by bombardment of embryogenically responsive
immature embryos with tungsten particles associated with
DNA plasmids. The plasmids typically comprise a selectable
marker and a structural gene, or a selectable marker and an
ACC synthase downregulation polynucleotide sequence or
subsequence, or the like.

Preparation of Particles

[0245] Fifteen mg of tungsten particles (General Electric),
0.5 to 1.8, preferably 1 to 1.8y, and most preferably 1y, are
added to 2 ml of concentrated nitric acid. This suspension is
sonicated at 0° C. for 20 minutes (Branson Sonifier Model
450, 40% output, constant duty cycle). Tungsten particles are
pelleted by centrifugation at 10000 rpm (Biofuge) for one
minute and the supernatant is removed. Two milliliters of
sterile distilled water are added to the pellet, and brief soni-
cation is used to resuspend the particles. The suspension is
pelleted, one milliliter of absolute ethanol is added to the
pellet and brief sonication is used to resuspend the particles.
Rinsing, pelleting and resuspending of the particles are per-
formed two more times with sterile distilled water and finally
the particles are resuspended in two milliliters of sterile dis-
tilled water. The particles are subdivided into 250 pl aliquots
and stored frozen.

Preparation of Particle-Plasmid DNA Association

[0246] The stock of tungsten particles are sonicated briefly
in a water bath sonicator (Branson Sonifier Model 450, 20%
output, constant duty cycle) and 50 pl is transferred to a
microfuge tube. The vectors are typically cis: that is, the
selectable marker and the gene (or other polynucleotide
sequence) of interest are on the same plasmid.

[0247] Plasmid DNA is added to the particles for a final
DNA amount 0f 0.1 to 10 pg in 10 pl total volume and briefly
sonicated. Preferably, 10 ug (1 pg/ul. in TE buffer) total DNA
is used to mix DNA and particles for bombardment. Fifty
microliters (50 uL.) of sterile aqueous 2.5 M CaCl, are added
and the mixture is briefly sonicated and vortexed. Twenty
microliters (20 pl) of sterile aqueous 0.1 M spermidine are
added and the mixture is briefly sonicated and vortexed. The
mixture is incubated at room temperature for 20 minutes with
intermittent brief sonication. The particle suspension is cen-
trifuged and the supernatant is removed. Two hundred fifty
microliters (250 pl) of absolute ethanol are added to the
pellet, followed by brief sonication. The suspension is pel-
leted, the supernatant is removed and 60 pul of absolute ethanol
are added. The suspension is sonicated briefly before loading
the particle-DNA agglomeration onto macrocarriers.

Preparation of Tissue

[0248] Immature embryos of maize variety High Type 11
are the target for particle bombardment-mediated transforma-
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tion. This genotype is the F1 of two purebred genetic lines,
parents A and B, derived from the cross of two known maize
inbreds, A188 and B73. Both parents were selected for high
competence of somatic embryogenesis, according to Arm-
strong, et al., (1991) Maize Genetics Coop. News 65:92.
[0249] Ears from F1 plants are selfed or sibbed and
embryos are aseptically dissected from developing caryopses
when the scutellum first becomes opaque. This stage occurs
about 9 to 13 days post-pollination and most generally about
10 days post-pollination, depending on growth conditions.
The embryos are about 0.75 to 1.5 millimeters long. Ears are
surface sterilized with 20% to 50% Clorox® for 30 minutes,
followed by three rinses with sterile distilled water.

[0250] Immature embryos are cultured with the scutellum
oriented upward, on embryogenic induction medium com-
prised of N6 basal salts, Eriksson vitamins, 0.5 mg/l thiamine
HCl, 30 gm/1 sucrose, 2.88 gm/1 L-proline, 1 mg/12,4-dichlo-
rophenoxyacetic acid, 2 gm/l Gelrite® and 8.5 mg/l AgNO,.
Chu, etal., (1975) Sci. Sin. 18:659; Eriksson, (1965) Physiol.
Plant 18:976. The medium is sterilized by autoclaving at 121°
C. for 15 minutes and dispensed into 100x25 mm Petri dishes.
AgNO; is filter-sterilized and added to the medium after
autoclaving. The tissues are cultured in complete darkness at
28° C. After about 3 to 7 days, most usually about 4 days, the
scutellum of the embryo swells to about double its original
size and the protuberances at the coleorhizal surface of the
scutellum indicate the inception of embryogenic tissue. Up to
100% of the embryos display this response, but most com-
monly, the embryogenic response frequency is about 80%.
[0251] When the embryogenic response is observed, the
embryos are transferred to a medium comprised of induction
medium modified to contain 120 gm/1 sucrose. The embryos
are oriented with the coleorhizal pole, the embryogenically
responsive tissue, upwards from the culture medium. Ten
embryos per Petri dish are located in the center of a Petri dish
in an area about 2 cm in diameter. The embryos are main-
tained on this medium for 3 to 16 hours, preferably 4 hours, in
complete darkness at 28° C. just prior to bombardment with
particles associated with plasmid DNA.

[0252] To effect particle bombardment of embryos, the par-
ticle-DNA agglomerates are accelerated using a DuPont
PDS-1000 particle acceleration device. The particle-DNA
agglomeration is briefly sonicated and 10 pl are deposited on
macrocarriers and the ethanol is allowed to evaporate. The
macrocarrier is accelerated onto a stainless-steel stopping
screen by the rupture of a polymer diaphragm (rupture disk).
Rupture is effected by pressurized helium. The velocity of
particle-DNA acceleration is determined based on the rupture
disk breaking pressure. Rupture disk pressures of 200 to 1800
psi are used, with 650 to 1100 psi being preferred and about
900 psi being most highly preferred. Multiple disks are used
to effect a range of rupture pressures.

[0253] The shelf containing the plate with embryos is
placed 5.1 cm below the bottom of the macrocarrier platform
(shelf #3). To effect particle bombardment of cultured imma-
ture embryos, a rupture disk and a macrocarrier with dried
particle-DNA agglomerates are installed in the device. The
He pressure delivered to the device is adjusted to 200 psi
above the rupture disk breaking pressure. A Petri dish with the
target embryos is placed into the vacuum chamber and
located in the projected path of accelerated particles. A
vacuum is created in the chamber, preferably about 28 in Hg.
After operation of the device, the vacuum is released and the
Petri dish is removed.
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[0254] Bombarded embryos remain on the osmotically-
adjusted medium during bombardment, and 1 to 4 days sub-
sequently. The embryos are transferred to selection medium
comprised of N6 basal salts, Eriksson vitamins, 0.5 mg/l
thiamine HCI, 30 gm/1 sucrose, 1 mg/1 2,4-dichlorophenoxy-
acetic acid, 2 gny/l Gelrite®, 0.85 mg/l Ag NO, and 3 mg/l
bialaphos (Herbiace, Meiji). Bialaphos is added filter-steril-
ized. The embryos are subcultured to fresh selection medium
at 10 to 14 day intervals. After about 7 weeks, embryogenic
tissue, putatively transformed for both selectable and unse-
lected marker genes, proliferates from a fraction of the bom-
barded embryos. Putative transgenic tissue is rescued and that
tissue derived from individual embryos is considered to be an
event and is propagated independently on selection medium.
Two cycles of clonal propagation are achieved by visual
selection for the smallest contiguous fragments of organized
embryogenic tissue.

[0255] A sample of tissue from each event is processed to
recover DNA. The DNA is restricted with a restriction endo-
nuclease and probed with primer sequences designed to
amplify DNA sequences overlapping the ACC synthase and
non-ACC synthase portion of the plasmid. Embryogenic tis-
sue with amplifiable sequence is advanced to plant regenera-
tion.

[0256] For regeneration of transgenic plants, embryogenic
tissue is subcultured to a medium comprising MS salts and
vitamins (Murashige and Skoog, (1962) Physiol. Plant
15:473), 100 mg/l myo-inositol, 60 gm/l sucrose, 3 gm/l
Gelrite®, 0.5 mg/l zeatin, 1 mg/1 indole-3-acetic acid, 26.4
ng/l cis-trans-abscissic acid and 3 mg/1 bialaphos in 100x25
mm Petri dishes and is incubated in darkness at 28° C. until
the development of well-formed, matured somatic embryos is
seen. This requires about 14 days. Well-formed somatic
embryos are opaque and cream-colored and are comprised of
an identifiable scutellum and coleoptile. The embryos are
individually subcultured to a germination medium compris-
ing MS salts and vitamins, 100 mg/l myo-inositol, 40 gm/1
sucrose and 1.5 gm/1 Gelrite® in 100x25 mm Petri dishes and
incubated under a 16 hour light:8 hour dark photoperiod and
40 meinsteinsm—2sec™’ from cool-white fluorescent tubes.
After about 7 days, the somatic embryos germinate and pro-
duce a well-defined shoot and root. The individual plants are
subcultured to germination medium in 125x25 mm glass
tubes to allow further plant development. The plants are
maintained under a 16 hour light: 8 hour dark photoperiod and
40 meinsteinsmsec™" from cool-white fluorescent tubes.
After about 7 days, the plants are well-established and are
transplanted to horticultural soil, hardened off and potted into
commercial greenhouse soil mixture and grown to sexual
maturity in a greenhouse. An elite inbred line is used as a male
to pollinate regenerated transgenic plants.

Agrobacterium-Mediated

[0257] For Agrobacterium-mediated transformation, the
method of Zhao, et al., may be employed as in PCT Patent
Publication Number WO 1998/32326, the contents of which
are hereby incorporated by reference. Briefly, immature
embryos are isolated from maize and the embryos contacted
with a suspension of Agrobacterium (step 1: the infection
step). In this step the immature embryos are preferably
immersed in an Agrobacterium suspension for the initiation
of inoculation. The embryos are co-cultured for a time with
the Agrobacterium (step 2: the co-cultivation step). Prefer-
ably the immature embryos are cultured on solid medium
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following the infection step. Following this co-cultivation
period an optional “resting” step is contemplated. In this
resting step, the embryos are incubated in the presence of at
least one antibiotic known to inhibit the growth of Agrobac-
terium without the addition of a selective agent for plant
transformants (step 3: resting step). Preferably the immature
embryos are cultured on solid medium with antibiotic, but
without a selecting agent, for elimination of Agrobacterium
and for a resting phase for the infected cells. Next, inoculated
embryos re cultured on medium containing a selective agent
and growing transformed callus is recovered (step 4: the
selection step). Preferably, the immature embryos are cul-
tured on solid medium with a selective agent resulting in the
selective growth of transformed cells. The callus is then
regenerated into plants (step 5: the regeneration step) and
preferably calli grown on selective medium are cultured on
solid medium to regenerate the plants.

Example 9
Expression of Transgenes in Monocots

[0258] A plasmid vector is constructed comprising a pre-
ferred promoter operably linked to an isolated polynucleotide
comprising an ACC synthase polynucleotide sequence or
subsequence. This construct can then be introduced into
maize cells by the following procedure.

[0259] Immature maize embryos are dissected from devel-
oping caryopses derived from crosses of maize lines. The
embryos areisolated 10to 11 days after pollination when they
are 1.0to 1.5 mm long. The embryos are then placed with the
axis-side facing down and in contact with agarose-solidified
N6 medium (Chu, et al., (1975) Sci. Sin. Peking 18:659-668).
The embryos are kept in the dark at 27° C. Friable embryo-
genic callus, consisting of undifferentiated masses of cells
with somatic proembryoids and embryoids borne on suspen-
sor structures, proliferates from the scutellum of these imma-
ture embryos. The embryogenic callus isolated from the pri-
mary explant can be cultured on N6 medium and sub-cultured
on this medium every 2 to 3 weeks.

[0260] The plasmid p35S/Ac (Hoechst Ag, Frankfurt, Ger-
many) or equivalent may be used in transformation experi-
ments in order to provide for a selectable marker. This plas-
mid contains the Pat gene (see, EP Patent Publication Number
0 242 236) which encodes phosphinothricin acetyl trans-
ferase (PAT). The enzyme PAT confers resistance to herbi-
cidal glutamine synthetase inhibitors such as phosphinothri-
cin. The pat gene in p35S/Ac is under the control of the 35S
promoter from Cauliflower Mosaic Virus (Odell, et al., (1985)
Nature 313:810-812) and comprises the 3' region of the nopa-
line synthase gene from the T-DNA of the Ti plasmid of
Agrobacterium tumefaciens.

[0261] The particle bombardment method (Klein, et al.,
(1987) Nature 327:70-73) may be used to transfer genes to the
callus culture cells. According to this method, gold particles
(1 um in diameter) are coated with DNA using the following
technique. Ten pg of plasmid DNAs are added to 50 pulL of a
suspension of gold particles (60 mg per mL). Calcium chlo-
ride (50 uL. of a 2.5 M solution) and spermidine free base (20
ul of a 1.0 M solution) are added to the particles. The sus-
pension is vortexed during the addition of these solutions.
After 10 minutes, the tubes are briefly centrifuged (5 sec at
15,000 rpm) and the supernatant removed. The particles are
resuspended in 200 pl of absolute ethanol, centrifuged again
and the supernatant removed. The ethanol rinse is performed
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again and the particles resuspended in a final volume of 30 ul.
of ethanol. An aliquot (5 pL.) of the DNA-coated gold par-
ticles can be placed in the center of a Kapton flying disc
(Bio-Rad Labs). The particles are then accelerated into the
corn tissue with a Biolistic™ PDS-1000/He biolistic particle
delivery system (Bio-Rad Instruments, Hercules, Calif.),
using a helium pressure of 1000 psi, a gap distance of 0.5 cm
and a flying distance of 1.0 cm.

[0262] For bombardment, the embryogenic tissue is placed
on filter paper over agarose-solidified N6 medium. The tissue
is arranged as a thin lawn and covers a circular area of about
5 cm in diameter. The petri dish containing the tissue can be
placed in the chamber of the PDS-1000/He approximately 8
cm from the stopping screen. The air in the chamber is then
evacuated to a vacuum of 28 inches of Hg. The macrocarrier
is accelerated with a helium shock wave using a rupture
membrane that bursts when the He pressure in the shock tube
reaches 1000 psi.

[0263] Seven days after bombardment the tissue can be
transferred to N6 medium that contains glufosinate (2 mg per
liter) and lacks casein or proline. The tissue continues to grow
slowly on this medium. After an additional 2 weeks the tissue
can be transferred to fresh N6 medium containing glufosi-
nate. After 6 weeks, areas of about 1 cm in diameter of
actively growing callus can be identified on some of the plates
containing the glufosinate-supplemented medium. These
calli may continue to grow when sub-cultured on the selective
medium.

[0264] Plants can be regenerated from the transgenic callus
by first transferring clusters of tissue to N6 medium supple-
mented with 0.2 mg per liter of 2,4-D. After two weeks the
tissue can be transferred to regeneration medium (Fromm, et
al., (1990) Bio/Technology 8:833-839).

Example 10
Expression of Transgenes in Dicots

[0265] Soybean embryos are bombarded with a plasmid
comprising a preferred promoter operably linked to a heter-
ologous nucleotide sequence comprising an ACC synthase
polynucleotide sequence or subsequence (e.g., SEQ ID NOS:
1 and 2), as follows. To induce somatic embryos, cotyledons
of 3 to 5 mm in length are dissected from surface-sterilized,
immature seeds of the soybean cultivar A2872, then cultured
in the light or dark at 26° C. on an appropriate agar medium
for six to ten weeks. Somatic embryos producing secondary
embryos are then excised and placed into a suitable liquid
medium. After repeated selection for clusters of somatic
embryos that multiply as early, globular-staged embryos, the
suspensions are maintained as described below.

[0266] Soybean embryogenic suspension cultures can be
maintained in 35 ml liquid media on a rotary shaker, 150 rpm,
at 26° C. with fluorescent lights on a 16:8 hour day/night
schedule. Cultures are sub-cultured every two weeks by
inoculating approximately 35 mg oftissue into 35 ml of liquid
medium.

[0267] Soybean embryogenic suspension cultures may
then be transformed by the method of particle gun bombard-
ment (Klein, et al., (1987) Nature (London) 327:70-73, U.S.
Pat. No. 4,945,050). A DuPont Biolistic™ PDS1000/HE
instrument (helium retrofit) can be used for these transforma-
tions.

[0268] A selectable marker gene that can be used to facili-
tate soybean transformation is a transgene composed of the
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35S promoter from Cauliflower Mosaic Virus (Odell, et al.,
(1985) Nature 313:810-812), the hygromycin phosphotrans-
ferase gene from plasmid pJR225 (from E. coli; Gritz, et al.,
(1983) Gene 25:179-188) and the 3' region of the nopaline
synthase gene from the T-DNA of the Ti plasmid of Agrobac-
terium tumefaciens. The expression cassette of interest, com-
prising the preferred promoter and a heterologous ACC syn-
thase polynucleotide, can be isolated as a restriction
fragment. This fragment can then be inserted into a unique
restriction site of the vector carrying the marker gene.
[0269] To50ul ofa 60 mg/ml 1 um gold particle suspension
is added (in order): 5 ul DNA (1 pg/ul), 20 pl spermidine (0.1
M) and 50 pl CaCl, (2.5 M). The particle preparation is then
agitated for three minutes, spun in a microfuge for 10 seconds
and the supernatant removed. The DNA-coated particles are
then washed once in 400 pl 70% ethanol and resuspended in
40 ul of anhydrous ethanol. The DNA/particle suspension can
be sonicated three times for one second each. Five microliters
of the DNA-coated gold particles are then loaded on each
macro carrier disk.

[0270] Approximately 300-400 mg of a two-week-old sus-
pension culture is placed in an empty 60x5 mm petri dish and
the residual liquid removed from the tissue with a pipette. For
each transformation experiment, approximately 5-10 plates
of tissue are normally bombarded. Membrane rupture pres-
sure is set at 1100 psi, and the chamber is evacuated to a
vacuum of 28 inches mercury. The tissue is placed approxi-
mately 3.5 inches away from the retaining screen and bom-
barded three times. Following bombardment, the tissue can
be divided in half and placed back into liquid and cultured as
described above.

[0271] Five to seven days post bombardment, the liquid
media may be exchanged with fresh media and eleven to
twelve days post-bombardment with fresh media containing
50 mg/ml hygromycin. This selective media can be refreshed
weekly. Seven to eight weeks post-bombardment, green,
transformed tissue may be observed growing from untrans-
formed, necrotic embryogenic clusters. Isolated green tissue
is removed and inoculated into individual flasks to generate
new, clonally propagated, transformed embryogenic suspen-
sion cultures. Each new line may be treated as an independent
transformation event. These suspensions can then be subcul-
tured and maintained as clusters of immature embryos or
regenerated into whole plants by maturation and germination
of individual somatic embryos.

Example 11

Field Trials Under Nitrogen Stress and Normal
Nitrogen Conditions

[0272] Corn hybrids containing an ACS down-regulation
construct transgene are planted in the field under nitrogen-
stress and normal-nitrogen conditions. Under normal nitro-
gen, a total of 250 1lbs nitrogen is applied in the form of urea
ammonium nitrate (UAN). Nitrogen stress is achieved
through depletion of soil nitrogen reserves by planting corn
with no added nitrogen for two years. Soil nitrate reserves are
monitored to assess the level of depletion. To achieve the
target level of stress, UAN is applied by fertigation or sid-
edress between V2 and VT growth stages, for a total of 50-150
Ibs nitrogen.

[0273] Events from the construct are nested together with
the null to minimize the spatial effects of field variation.
Multiple reps are planted. The seed yield of events containing
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the transgene is compared to the yield of a transgenic null.
Statistical analysis is conducted to assess whether there is a
significant improvement in yield compared with the trans-
genic null, taking into account row and column spatial effects.
[0274] Differences in yield, yield components or other
agronomic traits between transgenic and non-transgenic
plants in reduced-nitrogen fertility plots may indicate
improvement in nitrogen utilization efficiency contributed by
expression of a transgenic event. Similar comparisons are
made in plots supplemented with recommended nitrogen fer-
tility rates. Effective transgenic events may achieve similar
yields in the nitrogen-limited and normal nitrogen environ-
ments or may perform better than the non-transgenic coun-
terpart in low-nitrogen environments.

Example 12

ACS6 Down-Regulation Construct Improves Yield in
Reduced-Nitrogen Conditions

[0275] Plants comprising a downregulation construct com-
prising SEQ ID NO: 4 were planted in the field under nitro-
gen-stress and normal-nitrogen conditions. Nitrogen stress
was achieved through targeted depletion of soil nitrogen
reserves by previous corn production and/or limited applica-
tion of nitrogen fertilitzer. In addition to cropping history, soil
type and other environmental factors were taken into consid-
eration in creating appropriate nitrogen-stress conditions.
[0276] The grain yield of plants containing the transgene
was compared to the yield of a wild-type or transgenic null.
The test used a randomized complete block design with six
replications. Statistical analysis was conducted using
ASReml to assess differences in yield, taking into account
row and column spatial effects and autoregressive (AR1)
adjustments.

[0277] Table 2 provides yield data in bushels/acre for plants
representing 19 transformation events under nitrogen-stress
conditions in two geographic locations. Yields marked with
an asterisk are significantly greater than the control at P<0.1.

TABLE 2
Event Location 1 Location 2
2.12 121 202%*
2.29 124* 199
2.32 123 211%*
113.2.7 124* 206*
43 124* 204*
4.8 125%* 203*
1.23 127* 208*
1.44 126* 207*
2.15 124* 205%*
2.2 124 201
2.24 124* 198
2.38 125%* 204*
2.49 123 202%*
1.14 125%* 210%*
2.18 126* 206*
2.22 124* 208*
2.8 125%* 205%*
2.1 125%* 206*
66.2.7 124* 202%*
Control 120 197

[0278] Additional measurements were taken at Location 2,
as follows. Average yield of the transgenic plants under nor-
mal-nitrogen conditions was 232 bushels per acre; under
nitrogen-stress conditions, the average yield was 203 bushels
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per acre. Under nitrogen stress, growing-degree-units to pol-
len shed was 1273 compared to 1330 under normal-nitrogen
conditions. In addition, plants grown in the nitrogen-stress
environment showed a reduction in anthesis-silking interval
(ASI) of 18. Barren count in the low-nitrogen environment
was 1 on a 1 to 10 scale, where 10 is least favorable.

Example 13
Yield Evaluation—Season 2

[0279] Maize hybrids were generated by crossing tester
lines with plants comprising an ACS downregulation con-
struct substantially as described in FIG. 6. These plants rep-
resented nine separate transformation events in Background
1. Hybrids were evaluated for yield in multiple locations in
Season 2. Grain yield was compared to that of untransformed
hybrids (WT, wild-type) and bulked nontransgenic seg-
regants (BN, bulk null) from all constructs in the block shar-
ing the same background. Results are shown in FIG. 9.

Example 14
Yield Evaluation—Season 3

[0280] Four maize hybrids were generated by crossing
tester lines with plants comprising an ACS downregulation
construct substantially as described in FIG. 6. Twelve sepa-
rate transformation events were individually represented in
each hybrid combination. The hybrids were grown in a split-
plotexperimental design with four replications in each of four
testing sites. Bulked nontransgenic segregants (BN, bulk
null) from all constructs in a block, and/or untransformed
hybrids (WT, wild-type), served as controls at each site. Grain
yield (bushels/acre) and plant height data were collected and
analyzed. Significance was determined at P<0.1 using BLUP
(Best Linear Unbiased Predictor) analysis (Henderson,
(1975) Biometrics 31(2):423-447; Robinson, (1991) Statisti-
cal Science 6(1):15-32). As shown in FIG. 10, ten of twelve
transgenic events yielded more than both the bulk null and
wild-type controls.

Example 15

[0281] ACC synthase (ACS) catalyzes the synthesis of
1-aminocyclopropane-1-carboxylic acid (ACC) from S-ad-
enosyl-L-methionine (SAM), the first committed step of eth-
ylene biosynthesis. This step is rate-limiting for ethylene
formation; expression of ACS is tightly regulated at both the
transcriptional and post-transcriptional levels (review,
Kende, (1993) Ann. Rev. Plant Physiol. Plant Mol. Biol.
44:283-307).

[0282] In Arabidopsis, 12 genes were named as AtACS.
Later AtACS3 was identified as a pseudogene and AtACS10
and AtACS12 were found to encode not ACS but aminotrans-
ferases (Yamagami, et al., (2003) Journal of Biol. Chem.
278(49):49102-49112. In maize, three ACC synthases
(ZmACS6, ZmACS2 and ZmACS7) have been previously
studied (Gallie and Young, (2004) Mol. Gen. Gen. 271:267-
281; Wang, et al., (2002) Plant Cell 14:5131-151). A previ-
ously unreported maize ACC synthase, designated ZmACS3,
is shown in SEQ ID NOS: 9-11. Modulation of expression of
ZmACS3, particularly downregulation of ZmACS3, alone or
in combination with modulation of other genes, may reduce
ethylene production, resulting in increased growth rate and
improved stress tolerance in plants. For example, suppression
of expression of both ZmACS6 and ZmACS3 in maize may
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result in higher growth rate and improved yield under optimal
and/or stress (e.g. drought) conditions.

[0283] Methods and compositions to modulate plant devel-
opment may use DNA, RNA or protein of or derived from the
ZmACS3 gene. Certain embodiments provide an isolated
polypeptide comprising an amino acid sequence selected
from the group consisting of: (a) the polypeptide comprising
the amino acid sequence of SEQ ID NO:11; (b) a polypeptide
having at least 80% sequence identity to the full length of
SEQ ID NO: 11, wherein the polypeptide has ACC synthase
activity; (c) a polypeptide encoded by a polynucleotide that
hybridizes under stringent conditions to a polynucleotide
comprising the complement of SEQ ID NO: 10, wherein the
stringent conditions comprise 50% formamide, 1 M NaCl,
1% SDS at 37° C. and a wash in 0.1xSSC at 60° C. to 65° C.
and (d) the polypeptide having at least 70 consecutive amino
acids of SEQID NO:11, wherein the polypeptide retains ACC
synthase activity.

[0284] The ACS3 polypeptide shares moderate (59%) iden-
tity with the ACS6 protein; see, FIG. 14 for an alignment.
Identity between the cDNA sequences of ACS6 and ACS3 is
approximately 66%; see, FIG. 15 for an alignment.

[0285] By “ACS3 activity” or “ACC Synthase 3 activity” is
intended the ACS3 polypeptide has exemplary activity, such
as in catalyzing a step in ethylene synthesis. Methods to assay
for such activity are known in the art and are described more
fully herein. Depending on context, “ACS3 activity” may
refer to the activity of a native ACS3 polynucleotide or
polypeptide. Such native activity may be modulated by
expression of a heterologous ZmACS3 sequence as provided
herein, for example when provided in a construct which
downregulates the native ZmACS3.

[0286] Thelevel ofthe ACS3 polypeptide may be measured
directly, for example, by assaying for the level of the ACS3
polypeptide in the plant, or indirectly, for example, by mea-
suring the ACS3 activity of the ACS3 polypeptide in the plant.
Methods for determining the presence of ACS3 activity are
described elsewhere herein or known in the art.

[0287] It is also recognized that the level and/or activity of
the polypeptide may be modulated by employing a poly-
nucleotide that is not capable of directing, in a transformed
plant, the expression of a protein or an RNA. For example, the
polynucleotides of the invention may be used to design poly-
nucleotide constructs that can be employed in methods for
altering or mutating a genomic nucleotide sequence, or its
expression, in an organism. Such polynucleotide constructs
include, but are not limited to, RNA:DNA vectors, RNA:
DNA mutational vectors, RNA:DNA repair vectors, mixed-
duplex oligonucleotides, self-complementary RNA:DNA
oligonucleotides and recombinogenic oligonucleobases.
Such nucleotide constructs and methods of use are known in
the art. See, U.S. Pat. Nos. 5,565,350, 5,731,181; 5,756,325,
5,760,012, 5,795,972 and 5,871,984, all of which are herein
incorporated by reference. See also, PCT Application Publi-
cation Numbers WO 98/49350, WO 99/07865, WO 99/25821
and Beetham, et al., (1999) Proc. Natl. Acad. Sci. USA
96:8774-8778, herein incorporated by reference.

[0288] The Zm-ACS3 nucleotide sequence set forth in SEQ
ID NO: 10 can be used to generate variant nucleotide
sequences having the nucleotide sequence of the open read-
ing frame with about 70%, 75%, 80%, 85%, 90% or 95%
nucleotide sequence identity when compared to the starting
unaltered ORF nucleotide sequence of SEQ ID NO: 10. These
functional variants are generated using a standard codon
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table. While the nucleotide sequence of the variant is altered,
the amino acid sequence encoded by the open reading frame
does not change.

[0289] Certain embodiments include plants having a trans-
gene comprising a polynucleotide operably linked to a heter-
ologous promoter that drives expression in the plant, wherein
expression of the transgene results in modulation of expres-
sion of an ACS3 polynucleotide and/or polypeptide. Modu-
lation of expression of other genes, including other ACS
genes, may occur as a result of expression of the same trans-
gene or a different transgene. Expression of the transgene
may be constitutive or may be directed preferentially to a
particular plant cell type or plant tissue type or may be induc-
ible or otherwise controlled. Methods are provided to modu-
late plant growth and development, particularly plant
response to stress, particularly abiotic stress, relative to a
control plant, control plant cell or control plant part. The
modulated growth or development may be reflected in, for
example, higher growth rate, higher yield, altered morphol-
ogy or appearance and/or an altered response to stress includ-
ing an improved tolerance to stress. In certain embodiments,
the stress is cold, salt or drought. In certain embodiments,
yield is increased or maintained during periods of abiotic
stress. Yield may be measured, for example, in terms of seed
yield, plant biomass yield or recovery of other plant product
or products. Seed set may be measured by, for example, seed
number, total seed mass, average seed mass or some combi-
nation of these or other measures.

Example 16
Down-Regulation of Multiple ACS Genes

[0290] As shown in FIGS. 10-13, plants comprising a
hpRNA comprising SEQ ID NO: 4 have shown consistent
yield improvement under drought conditions across multiple
environment and years, as well as consistent increase in
height. This hpRNA comprises regions of identity to both
ZmACS6 and the recently identified ZmACS3 gene. (See,
FIG. 16; underlining indicates identical bases.) In one such
region, 44 contiguous nucleotides of the ZmACS3 gene are
identical to the hairpin sequence, indicating that the hpRNA
of SEQ ID NO: 4 may down-regulate expression of ACS3 as
well as ACS6. Further, ZmACS2 and ZmACS7 share con-
tiguous 24- and 25-bp identity regions, respectively, with the
hairpin sequence, which may result in downregulation of
expression.

Example 17

Yield Evaluation of Transgenic Events in Two Back-
grounds and Three Watering Regimes—Season 4

[0291] Hybrid maize plants, created by crossing four tester
lines to plants of genetic background 2 or background 3 which
comprised the recombinant polynucleotide of SEQ ID NO: 4
were evaluated for yield under three watering regimes in a
randomized, nested experiment. Treatments were flowering
stress (6 replications), grain-fill stress (4 replications) and
well-watered conditions (4 replications). Flowering stress
provided a 61% yield reduction, while grain-fill stress pro-
vided a 47% yield reduction, both relative to the well-watered
yields. Controls were bulked null segregants as described
above (BN), and nontransgenic hybrids of comparable base
genetics (WT). Significance was determined at P<0.1 using
BLUP (Best Linear Unbiased Predictor) analysis. Results are
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shown in FIG. 13. Events yielding significantly more than the
control are shaded. Non-shaded data are not significantly
different from the control values. For background #2, all
thirteen events yielded significantly more than the control.
For background #3, eleven of thirteen events yielded signifi-
cantly more than the control; the other two had yield results
not statistically different from the control.

Example 18
Reduction of ACC

[0292] Downregulation of ACC synthase may be reflected
in reduced levels of ACC. ACC may be assayed, for example,
as described in Methods in ant Biochemistry and Molecular
Biology (1997) CRC Press, Ed. W. Dashek, at Chapter 12, pp.
158-159. Root tissue of maize plants at stage VT (Iowa State
University Cooperative Extension Special Report No. 48
(1982, 1993)) were evaluated for ACC level. Plants of Back-
ground 1 comprising an ACS downregulation construct
showed reduced ACC levels relative to the control; see FIG.
17.
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Example 19
Reduced Expression of ACS6

[0293] Using quantitative rtPCR methods generally as
described elsewhere herein, maize plants transgenic for an
ACS6 downregulation construct comprising SEQ ID NO: 4
were analyzed for ACS6 expression. Root tissue of flooded
seedlings was sampled and results were as shown in FIG. 18.
Each data point represents twelve plants in three replications
at growth stage V3. Events are as indicated (T'G) and data for
wild type (WT) plants are provided as control.

[0294] While the foregoing invention has been described in
some detail for purposes of clarity and understanding, it will
be clear to one skilled in the art from a reading of this disclo-
sure that various changes in form and detail can be made
without departing from the true scope of the invention. For
example, all the techniques and apparatus described above
can be used in various combinations. All publications, pat-
ents, patent applications and/or other documents cited in this
application are incorporated by reference in their entirety for
all purposes to the same extent as if each individual publica-
tion, patent, patent application and/or other document were
individually indicated to be incorporated by reference for all

purposes.

SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 13

<210> SEQ ID NO 1

<211> LENGTH: 505

<212> TYPE: DNA

<213> ORGANISM: Zea mays

<400> SEQUENCE: 1

tagcagacgce ggaaccagcec gggctcecegg cagtggcagyg aggageccgg ggagatgttg 60
agccccacct cgaagaccac cctcecttccac agetccatcet cgccectcegaa cgaccggete 120
cgcatcagge gecgcatgtt gacccagcag aagagcccceyg cgttgetcte caggcactceg 180
atgcccacgg ccgccaggec cteecgcecage tgctegegee getceectgat cecgeegegtg 240
ttcteegega tgtacctecg cgtgaagtece ctgtegecca ggagcgacge caggaggtge 300
tgcgtetggg acgacaccag gecgaagetce gacatcettgyg tggecgcegga gaccacgecg 360
gegttggacy agtagatgge gcccacgegg aaccccggga ggcccaggte cttggacagg 420
ctgtacacca cgtgcacgceg gtccgacage ggcccaacgce cgacgacgcece gtcegteegtg 480
gcggcgegeg cggccaccac ctgca 505
<210> SEQ ID NO 2

<211> LENGTH: 543

<212> TYPE: DNA

<213> ORGANISM: Zea mays

<400> SEQUENCE: 2

cceggtacge gecgecacgg acgacggegt cgteggegtt gggecgetgt cggaccgegt 60
gcacgtggty tacagcectgt ccaaggacct gggectceeeg gggttcecegeyg tgggegcecat 120
ctactegtece aacgceggeg tggtcectceege ggecaccaag atgtcgaget teggectggt 180

gtcgteccag acgcagcacce tectggegte getectggge gacagggact tcacgeggag 240
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-continued

gtacatcgeg gagaacacgce ggcggatcag ggagceggege gagcagetgyg cggagggect 300

ggeggeegty ggcatcgagt gectggagag caacgcegggg ctettetget gggtcaacat 360

geggegectyg atgeggagee ggtegttega gggcgagatg gagetgtgga agagggtggt 420

cttegaggtyg gggctcaaca tctcceeggg ctectectge cactgceceggyg ageccggetyg 480
gttecegegte tgctaaaggg cgaattccag cacactggeg gecgttacta gtggatccga 540
gct 543

<210> SEQ ID NO 3

<211> LENGTH: 51280

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: plasmid as shown in Figure 1

<400> SEQUENCE: 3

gtttaccege caatatatce tgtcaaacac tgatagttta aactgaaggc gggaaacgac 60
aatctgatca tgagcggaga attaagggag tcacgttatg acccccgecyg atgacgeggg 120
acaagccgtt ttacgtttgg aactgacaga accgcaacgt tgaaggagcec actcagcaag 180
ctggtacgat tgtaatacga ctcactatag ggcgaattga gegetgttta aacgetctte 240
aactggaaga gcggttacta ccggctggat ggeggggect tgatcgtgea ccgecggegt 300
ccggataagt gactagggtc acgtgaccct agtcacttat cgagctagtt accctatgag 360
gtgacatgaa gcgctcacgg ttactatgac ggttagette acgactgttg gtggcagtag 420
cgtacgactt agctatagtt ccggtagatc tgaagttcect attccgaagt tcctattett 480
caaaaggtat aggaacttcc tcgaattgtt gtggtggggt atagaggttt gatataggtg 540
gaactgctgt agagcgtgga gatatagggg gaaagagaac gctgatgtga caagtgagtg 600
agatataggg ggagaaattt agggggaacg ccgaacacag tctaaagaag cttgggacce 660
aaagcactct gttcgggggt tttttttttt gtectttcaac tttttgctgt aatgttattce 720
aaaataagaa aagcacttgg catggctaag aaatagagtt caacaactga acagtacagt 780
gtattatcaa tggcataaaa aacaaccctt acagcattgce cgtattttat tgatcaaaca 840
ttcaactcaa cactgacgag tggtcttcca ccgatcaacyg gactaatget getttgtcag 900
atcaccggtt aagtgactag ggtcacgtga ccctagtcac ttaggttacce agagetggte 960

acctttgtce accaagatgg aactgcggcce gctcattaat taagtcaggce gegectctag 1020
ttgaagacac gttcatgtct tcatcgtaag aagacactca gtagtcttcg gcecagaatgg 1080
ccatctggat tcagcaggcc tagaaggcca tttaaatcct gaggatctgg tettectaag 1140
gacccgggat atcacaagtt tgtacaaaaa agcaggctcce ggccagagtt acccggaccy 1200
aagcttgcat gectgcagtyg cagcgtgacce cggtcecgtgece cctctctaga gataatgagce 1260
attgcatgtc taagttataa aaaattacca catatttttt ttgtcacact tgtttgaagt 1320
gcagtttatc tatctttata catatattta aactttactc tacgaataat ataatctata 1380
gtactacaat aatatcagtg ttttagagaa tcatataaat gaacagttag acatggtcta 1440
aaggacaatt gagtattttg acaacaggac tctacagttt tatcttttta gtgtgcatgt 1500
gttctceccttt ttttttgcaa atagcttcac ctatataata cttcatccat tttattagta 1560

catccattta gggtttaggg ttaatggttt ttatagacta atttttttag tacatctatt 1620
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-continued

ttattctatt ttagcctcta aattaagaaa actaaaactc tattttagtt tttttattta 1680
ataatttaga tataaaatag aataaaataa agtgactaaa aattaaacaa atacccttta 1740
agaaattaaa aaaactaagg aaacattttt cttgtttcga gtagataatg ccagcctgtt 1800
aaacgccgte gacgagtcta acggacacca accagcgaac cagcagcegte gegtegggece 1860
aagcgaagca gacggcacgg catctcectgte gctgectetg gaccecctcecte gagagttecg 1920
ctccaccegtt ggacttgete cgectgtegge atccagaaat tgcgtggcecgg agcggcagac 1980
gtgagcegge acggcaggeg gcectectect cetcetcacgg caccggcage tacgggggat 2040
tcetttecca cegcetectte gettteectt cctegecege cgtaataaat agacacccce 2100
tccacaccct ctttecccaa cctegtgttg tteggagege acacacacac aaccagatct 2160
cceccaaate caccegtegg cacctecget tcaaggtacyg cegetegtece tcceccccce 2220
ccetetetac cttcetctaga teggegttcee ggtecatgeca tggttaggge cceggtagtte 2280
tacttctgtt catgtttgtg ttagatccgt gtttgtgtta gatccgtget gctagegtte 2340
gtacacggat gcgacctgta cgtcagacac gttctgattg ctaacttgcc agtgtttetce 2400
tttggggaat cctgggatgg ctctageccgt tccgcagacg ggatcgattt catgattttt 2460
tttgtttegt tgcatagggt ttggtttgce cttttecttt atttcaatat atgccgtgceca 2520
cttgtttgtc gggtcatctt ttcatgettt tttttgtett ggttgtgatg atgtggtcetg 2580
gttgggcggt cgttctagat cggagtagaa ttctgtttca aactacctgg tggatttatt 2640
aattttggat ctgtatgtgt gtgccataca tattcatagt tacgaattga agatgatgga 2700
tggaaatatc gatctaggat aggtatacat gttgatgcgg gttttactga tgcatataca 2760
gagatgcttt ttgttcgctt ggttgtgatg atgtggtgtg gttgggcggt cgttcattceg 2820
ttctagatcg gagtagaata ctgtttcaaa ctacctggtg tatttattaa ttttggaact 2880
gtatgtgtgt gtcatacatc ttcatagtta cgagtttaag atggatggaa atatcgatct 2940
aggataggta tacatgttga tgtgggtttt actgatgcat atacatgatg gcatatgcag 3000
catctattca tatgctctaa ccttgagtac ctatctatta taataaacaa gtatgtttta 3060
taattatttt gatcttgata tacttggatg atggcatatg cagcagctat atgtggattt 3120
ttttagcecct gecttcatac gectatttatt tgcttggtac tgtttectttt gtecgatgetce 3180
accctgttgt ttggtgttac ttectgcaggt cgactttaac ttagcctagg atccactagt 3240
aacggccgece agtgtgetgg aattcgecct ttagcagacyg cggaaccage cgggetcccg 3300
gcagtggcayg gaggagcccg gggagatgtt gagccccacce tcgaagacca ccectetteca 3360
cagctecate tcgecctega acgaccgget cegeatcagg cgecgcatgt tgacccagea 3420
gaagagccee gegttgetet ccaggcactce gatgcccacg gecgecaggce cctecgecag 3480
ctgctegege cgcteccctga tecgecgegt gttetcecegeg atgtacctee gegtgaagtce 3540
cctgtegece aggagegacg ccaggaggtg ctgegtetgyg gacgacacca ggccgaaget 3600
cgacatcttyg gtggecgegg agaccacgece ggegttggac gagtagatgg cgcccacgceg 3660
gaaccceggyg aggeccaggt ccttggacag getgtacacce acgtgcacge ggtcecgacag 3720
cggcecaacyg ccgacgacgce cgtcegteegt ggeggegege geggccacca cctgcagteg 3780
acgtgcaaag gtccgccttg tttcectectet gtectecttgat ctgactaatce ttggtttatg 3840

attcgttgag taattttggg gaaagcttcg tccacagttt tttttcgatg aacagtgecg 3900
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cagtggcgct gatcttgtat gctatcctge aatcgtggtg aacttattte ttttatatcce 3960
tttactccca tgaaaaggct agtaatcttt ctcgatgtaa catcgtccag cactgctatt 4020
accgtgtggt ccatccgaca gtctggctga acacatcata cgatctatgg agcaaaaatc 4080
tatcttecct gttctttaat gaaggacgtc attttcatta gtatgatcta ggaatgttgce 4140
aacttgcaag gaggcgtttc tttctttgaa tttaactaac tcgttgagtg gecctgttte 4200
tcggacgtaa ggcctttget gcetccacaca tgtccatteg aattttaccg tgtttagcaa 4260
gggcgaaaag tttgcatctt gatgatttag cttgactatg cgattgcttt cctggacccyg 4320
tgcagetgga tcceggtacg cgccgecacg gacgacggeg tegteggegt tgggecgetg 4380
tcggaccgeg tgcacgtggt gtacagectg tccaaggacce tgggcctceee ggggttecge 4440
gtgggcgeca tctactcgte caacgccegge gtggtcectceeg cggccaccaa gatgtcgage 4500
tteggectgg tgtcecgtceca gacgcagcac ctectggegt cgctectggg cgacagggac 4560
ttcacgcgga ggtacatcge ggagaacacg cggcggatca gggagceggeyg cgagcagcetg 4620
geggagggee tggeggcecgt gggcatcgag tgcctggaga gcaacgeggg getcettetge 4680
tgggtcaaca tgcggcgcect gatgcggage cggtcgtteg agggcgagat ggagcetgtgg 4740
aagagggtgg tcttcgaggt ggggctcaac atctcecceegg gectcectectg ccactgeegg 4800
gagceccggcet ggttceccgegt ctgctaaagg gcgaattcca gcacactggce ggccgttact 4860
agtggatccg agctcgaatt ccggtcecggg tcacccggte cgggcctaga aggccgatct 4920
ccegggcecacce cagctttett gtacaaagtg gtgatatcgg accgattaaa ctttaattceg 4980
gtccgatgca tgtatacgaa gttecctattce cgaagttcect attctacata gagtatagga 5040
acttcacctg gtggcgcege tagtggatce ccecgggetge agtgcagcegt gacccecggtceg 5100
tgccectete tagagataat gagcattgca tgtctaagtt ataaaaaatt accacatatt 5160
ttttttgtca cacttgtttg aagtgcagtt tatctatctt tatacatata tttaaacttt 5220
actctacgaa taatataatc tatagtacta caataatatc agtgttttag agaatcatat 5280
aaatgaacag ttagacatgg tctaaaggac aattgagtat tttgacaaca ggactctaca 5340
gttttatctt tttagtgtgc atgtgttctc cttttttttt gcaaatagct tcacctatat 5400
aatacttcat ccattttatt agtacatcca tttagggttt agggttaatg gtttttatag 5460
actaattttt ttagtacatc tattttattc tattttagcc tctaaattaa gaaaactaaa 5520
actctatttt agttttttta tttaataatt tagatataaa atagaataaa ataaagtgac 5580
taaaaattaa acaaataccc tttaagaaat taaaaaaact aaggaaacat ttttcttgtt 5640
tcgagtagat aatgccagcc tgttaaacgce cgtcgacgag tctaacggac accaaccagc 5700
gaaccagcag cgtcgegteg ggccaagcega agcagacgge acggcatctce tgtegetgece 5760
tctggacccee tcectcecgagagt tecgcteccac cgttggactt getcecgetgt cggcatccag 5820
aaattgcgtyg gcggagegge agacgtgage cggcacggea ggeggectee tcctectete 5880
acggcaccgg cagctacggg ggattcecttt cccaccgete cttegettte cettectege 5940
ccgccgtaat aaatagacac cccctcecaca ccctetttece ccaacctegt gttgttegga 6000
gegcacacac acacaaccag atctccccca aatccacceg teggcacctce cgettcaagyg 6060
tacgcecgete gtcecctceccecee cecccectet ctaccttete tagatcggeg tteccggteca 6120

tgcatggtta gggcccggta gttctactte tgttcatgtt tgtgttagat ccegtgtttgt 6180
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gttagatccg tgctgctage gttegtacac ggatgcgacce tgtacgtcag acacgttcetg 6240
attgctaact tgccagtgtt tectcectttggg gaatcctggg atggctctag cegttcecgcea 6300
gacgggatcg atttcatgat tttttttgtt tcgttgcata gggtttggtt tgccctttte 6360
ctttatttca atatatgccg tgcacttgtt tgtcgggtca tecttttcatg cttttttttg 6420
tcttggttgt gatgatgtgg tetggttggg cggtecgttet agatcggagt agaattcectgt 6480
ttcaaactac ctggtggatt tattaatttt ggatctgtat gtgtgtgcca tacatattca 6540
tagttacgaa ttgaagatga tggatggaaa tatcgatcta ggataggtat acatgttgat 6600
gcgggtttta ctgatgcata tacagagatg ctttttgttce gettggttgt gatgatgtgg 6660
tgtggttggg cggtcgttca ttecgttctag atcggagtag aatactgttt caaactacct 6720
ggtgtattta ttaattttgg aactgtatgt gtgtgtcata catcttcata gttacgagtt 6780
taagatggat ggaaatatcg atctaggata ggtatacatg ttgatgtggg ttttactgat 6840
gcatatacat gatggcatat gcagcatcta ttcatatgct ctaaccttga gtacctatct 6900
attataataa acaagtatgt tttataatta ttttgatctt gatatacttg gatgatggca 6960
tatgcagcag ctatatgtgg atttttttag ccctgccttce atacgctatt tatttgettg 7020
gtactgttte ttttgtcgat gctcaccctg ttgtttggtg ttacttctgce aggtcgactt 7080
taacttagce taggatccac acgacaccat gtcccccgag cgecgecceyg tcegagatccg 7140
ceceggecace gecgecgaca tggccgecgt gtgcgacate gtgaaccact acatcgagac 7200
cteccaccgtyg aacttecgca ccgagecgcea gaccccgeag gagtggatceg acgacctgga 7260
gegectecayg gaccgetace cgtggetegt ggccgaggtyg gagggegtygg tggecggeat 7320
cgectacgee ggccegtgga aggcccgcaa cgectacgac tggaccgtgyg agtccaccgt 7380
gtacgtgtece caccgccace agegcectegg ccteggctec accctctaca cccacctect 7440
caagagcatg gaggcccagg gettcaagte cgtggtggece gtgatceggece tcccgaacga 7500
ccegtecegty cgectecacg aggccctegg ctacaccgece cgeggcaccee tccgegecge 7560
cggctacaag cacggeggcet ggcacgacgt cggettetgg cagegcegact tcegagetgee 7620
ggeeccegeeyg cgececggtge geccggtgac gcagatctga gtcgaaacct agacttgtec 7680
atcttctgga ttggccaact taattaatgt atgaaataaa aggatgcaca catagtgaca 7740
tgctaatcac tataatgtgg gcatcaaagt tgtgtgttat gtgtaattac tagttatctg 7800
aataaaagag aaagagatca tccatatttc ttatcctaaa tgaatgtcac gtgtctttat 7860
aattctttga tgaaccagat gcatttcatt aaccaaatcc atatacatat aaatattaat 7920
catatataat taatatcaat tgggttagca aaacaaatct agtctaggtg tgttttgcga 7980
attgcggeccg ctctagcgta tacgaagttc ctattccgaa gttcectatte tctagaaagt 8040
ataggaactt ctgattccga tgacttcgta ggttcecctage tcaageccget cgtgtccaag 8100
cgtcacttac gattagctaa tgattacggc atctaggacc gactagtaag tgactagggt 8160
cacgtgaccce tagtcactta tacgtagaat taattcattc cgattaatcg tggcctettg 8220
ctcttcagga tgaagagcta tgtttaaacg tgcaagcgct actagacaat tcagtacatt 8280
aaaaacgtcc gcaatgtgtt attaagttgt ctaagcgtca atttgtttac accacaatat 8340
atcctgccac cagccagcca acagcteccece gaccggcage tceggcacaaa atcaccacte 8400

gatacaggca gcccatcagt ccgggacgge gtcagceggga gagecgttgt aaggeggeag 8460
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actttgctca tgttaccgat gctattcgga agaacggcaa ctaagctgcce gggtttgaaa 8520
cacggatgat ctcgcggagg gtagcatgtt gattgtaacg atgacagagc gttgctgect 8580
gtgatcaaat atcatctcce tcgcagagat ccgaattatc agecttcectta ttcatttcete 8640
gcttaaccgt gacaggctgt cgatcttgag aactatgcceg acataatagg aaatcgetgg 8700
ataaagccgce tgaggaagct gagtggcgct atttcectttag aagtgaacgt tgacgatcgt 8760
cgaccgtacce ccgatgaatt aattcggacg tacgttctga acacagctgg atacttactt 8820
gggcgattgt catacatgac atcaacaatg tacccgtttg tgtaaccgtc tcttggaggt 8880
tcgtatgaca ctagtggttce ccctcagcectt gcgactagat gttgaggcct aacattttat 8940
tagagagcag gctagttgct tagatacatg atcttcaggce cgttatctgt cagggcaagc 9000
gaaaattggc catttatgac gaccaatgcc ccgcagaagce tcecccatcttt gccgcecatag 9060
acgccgegece cecccttttgg ggtgtagaac atccttttge cagatgtgga aaagaagttce 9120
gttgtcccat tgttggcaat gacgtagtag ccggcgaaag tgcgagaccc atttgcgceta 9180
tatataagcc tacgatttcc gttgcgacta ttgtcgtaat tggatgaact attatcgtag 9240
ttgctctcag agttgtcgta atttgatgga ctattgtegt aattgecttat ggagttgtcg 9300
tagttgcttg gagaaatgtc gtagttggat ggggagtagt catagggaag acgagcttca 9360
tccactaaaa caattggcag gtcagcaagt gcctgcccecg atgccatcge aagtacgagg 9420
cttagaacca ccttcaacag atcgcgcata gtcttceccca getctctaac gettgagtta 9480
agccgcegecg cgaagcggceg tceggcttgaa cgaattgtta gacattattt gecgactacce 9540
ttggtgatct cgcctttcac gtagtgaaca aattcttceca actgatctge gegcgaggcece 9600
aagcgatctt cttgtccaag ataagcctgce ctagcttcaa gtatgacggg ctgatactgg 9660
gccggcagge gctcecattge ccagtcggca gcgacatcet teggcegecgat tttgeccggtt 9720
actgcgetgt accaaatgcg ggacaacgta agcactacat ttcgctcatc gecagcccag 9780
tcgggeggeg agttccatag cgttaaggtt tcatttageg cctcaaatag atcctgttca 9840
ggaaccggat caaagagttc cteccgeccget ggacctacca aggcaacgct atgttctett 9900
gcttttgteca gcaagatage cagatcaatg tcgatcgtgg ctggctcgaa gatacctgcea 9960
agaatgtcat tgcgctgcca ttctccaaat tgcagttege gcecttagetgg ataacgccac 10020
ggaatgatgt cgtcgtgcac aacaatggtg acttctacag cgcggagaat ctcgectctet 10080
ccaggggaag ccgaagtttc caaaaggtcg ttgatcaaag ctcgccgegt tgtttcatca 10140
agccttacag tcaccgtaac cagcaaatca atatcactgt gtggcttcag geccgecatce 10200
actgcggagce cgtacaaatg tacggccagce aacgtcggtt cgagatggcg ctcgatgacg 10260
ccaactacct ctgatagttg agtcgatact tcggcgatca ccgcttccect catgatgttt 10320
aactcctgaa ttaagccgeg ccgcgaagceg gtgtcggcett gaatgaattg ttaggegtca 10380
tcetgtgete ccgagaacca gtaccagtac atcgcectgttt cgttcgagac ttgaggtcta 10440
gttttatacg tgaacaggtc aatgccgccg agagtaaagc cacattttgc gtacaaattg 10500
caggcaggta cattgttcgt ttgtgtctct aatcgtatge caaggagctg tctgcttagt 10560
gcccactttt tcgcaaatte gatgagactg tgcgcgacte ctttgcectceg gtgegtgtge 10620
gacacaacaa tgtgttcgat agaggctaga tcgttccatg ttgagttgag ttcaatcttc 10680

ccgacaagct cttggtcgat gaatgcgcca tagcaagcag agtcttcatc agagtcatca 10740
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tcegagatgt

tcggataggt

tcegecacct

gatcgcaaac

tgccacttgt

ttgggtaaaa

ctcgatgtet

cgegtttegy

cttgtectgta

gegggtgteg

taactatgeg

gcacagatge

ctegetgege

acggttatcc

aaaggccagg

tgacgagcat

aagataccag

gettaccgga

acgctgtagyg

accceeegtt

ggtaagacac

gtatgtaggce

gacagtattt

ctecttgatee

gattacgcge

cgctecagtygyg

cttcacctag

gtaaacttgg

tctatttegt

gggcttacca

agatttatca

tttatcecgee

agttaatagt

ccattgttca

ctttcagcac

atgacgaaga

cgaggtegec

attatcatct

aatcctteeg

gcacatcgaa

gctcagggat

ctggcgcggc

taaccctttt

actggcctaa

attgtagata

tgatgacggt

agcggatgec

gggcgcagcc

gcatcagagce

gtaaggagaa

tcggtegtte

acagaatcag

aaccgtaaaa

cacaaaaatc

gegtttecce

tacctgteceg

tatctcagtt

cagcecagace

gacttatcge

ggtgctacag

ggtatctgeyg

ggcaaacaaa

agaaaaaaag

aacgaaaact

atccttttaa

tctgacagtt

tcatccatag

tctggeccca

gcaataaacc

tccatccagt

ttgcgcaacy

ttccacggac

ctgtegttte

agaacggaaa

gececgtaac

acatatcaca

gtaggggctc

cacttcacga

caccgaaatc

ttttggcaca

gccagatttyg

aattgctggyg

tatgtagtgt

gaaaacctcet

gggagcagac

atgacccagt

agattgtact

aataccgcat

ggctgeggeg

gggataacge

aggccgegtt

gacgctcaag

ctggaagetce

cctttetece

cggtgtaggt

getgegecett

cactggcage

agttcttgaa

ctctgetgaa

ccaccgetygyg

gatctcaaga

cacgttaagg

attaaaaatg

accaatgett

ttgcctgact

gtgctgcaat

agccagecegyg

ctattaattg

ttgttgecat

aaaaacagag

ctttetttte

cgccttaaac

acctgtegga

acgtgegtgg

acacttctygg

acaatgaaat

ttcatatgac

aaaggcgtga

gtaactataa

gatttcagga

atctacttga

gacacatgca

aagccegtea

cacgtagcga

gagagtgcac

caggcgetet

agcggtatca

aggaaagaac

getggegttt

tcagaggtgg

cctegtgege

ttcgggaage

cgttegetee

atccggtaac

agccactggt

gtggtggect

gccagttace

tagecggtggt

agatccetttyg

gattttggte

aagttttaaa

aatcagtgag

ccecegtegty

gataccgcga

aagggccgag

ttgccgggaa

tgctgcaggg

aaaggaaacg

agagggtatt

cggaaaattt

tcaccggaaa

aggccatcaa

tagatagttc aaagccttgg

ggttctcage atccaatgtt

gectaacgee tggcacageg

caggtttgceg aatccgttge

tttatgttag aggcgaagtc

aagtaaacat caccttcegg

tcgggggate tgetgecteg

geteceggag acggtcacag

gggcgegtea gcgggtgttg

tagcggagtyg tatactgget

catatgcggt gtgaaatacc

tccgettect cgetcactga

gctcactcaa aggcggtaat

atgtgagcaa aaggccagca

ttccatagge tcegeccccee

cgaaacccga caggactata

tctectgtte cgaccctgec

gtggcegettt ctcatagete

aagctggget gtgtgcacga

tatcgtcttyg agtccaacce

aacaggatta gcagagcgag

aactacggct acactagaag

ttcggaaaaa gagttggtag

ttttttgttt gcaagcagca

atcttttceta cggggtcetga

atgagattat caaaaaggat

tcaatctaaa gtatatatga

gcacctatct cagcgatctg

tagataacta cgatacggga

gacccacgcet caccggetece

cgcagaagtyg gtcctgcaac

gctagagtaa gtagttegece

9999999999 ggggggactt

acagaggcca aaaagccteg

ttaaataaaa acattaagtt

tcataaatag cgaaaacccyg

ggaccegtaa agtgataatg

accacgtcaa ataatcaatt

10800

10860

10920

10980

11040

11100

11160

11220

11280

11340

11400

11460

11520

11580

11640

11700

11760

11820

11880

11940

12000

12060

12120

12180

12240

12300

12360

12420

12480

12540

12600

12660

12720

12780

12840

12900

12960

13020
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atgacgcagg tatcgtatta attgatctgc atcaacttaa cgtaaaaaca acttcagaca 13080
atacaaatca gcgacactga atacggggca acctcatgtce ccccccecccce cecceectge 13140
aggcatcgtg gtgtcacgcet cgtcgtttgg tatggcttca ttcagectceccg gttcecceccaacg 13200
atcaaggcga gttacatgat cccccatgtt gtgcaaaaaa gcggttaget cctteggtcece 13260
tcecgategtt gtcagaagta agttggccgce agtgttatca ctcatggtta tggcagcact 13320
gcataattcect cttactgtca tgccatccgt aagatgcttt tctgtgactg gtgagtacte 13380
aaccaagtca ttctgagaat agtgtatgcg gcgaccgagt tgctcttgec cggcgtcaac 13440
acgggataat accgcgccac atagcagaac tttaaaagtg ctcatcattg gaaaacgttce 13500
ttcggggcga aaactctcaa ggatcttacce gctgttgaga tccagttcga tgtaacccac 13560
tcgtgcacce aactgatctt cagcatcttt tactttcace agegtttcectg ggtgagcaaa 13620
aacaggaagg caaaatgccg caaaaaaggg aataagggcg acacggaaat gttgaatact 13680
catactcttc ctttttcaat attattgaag catttatcag ggttattgtc tcatgagcgg 13740
atacatattt gaatgtattt agaaaaataa acaaataggg gttccgcgca cattteccccg 13800
aaaagtgcca cctgacgtct aagaaaccat tattatcatg acattaacct ataaaaatag 13860
gcgtatcacg aggcccttte gtettcaaga attcggaget tttgccattce tcaccggatt 13920
cagtcgtcac tcatggtgat ttctcacttg ataaccttat ttttgacgag gggaaattaa 13980
taggttgtat tgatgttgga cgagtcggaa tcgcagaccg ataccaggat cttgccatcce 14040
tatggaactg cctcggtgag ttttctectt cattacagaa acggcttttt caaaaatatg 14100
gtattgataa tcctgatatg aataaattgc agtttcattt gatgctcgat gagtttttet 14160
aatcagaatt ggttaattgg ttgtaacact ggcagagcat tacgctgact tgacgggacg 14220
gcggcetttgt tgaataaatc gaacttttge tgagttgaag gatcagatca cgcatcttcce 14280
cgacaacgca gaccgttceg tggcaaagca aaagttcaaa atcaccaact ggtccaccta 14340
caacaaagct ctcatcaacc gtggctccct cactttetgg ctggatgatg gggcgattca 14400
ggcctggtat gagtcagcaa caccttcttce acgaggcaga cctcagcgcce agaaggccge 14460
cagagaggcce gagcgcggcece gtgaggcttg gacgctaggg cagggcatga aaaagcccgt 14520
agcgggcetgce tacgggcgte tgacgceggtg gaaaggggga ggggatgttg tctacatgge 14580
tctgctgtag tgagtgggtt gegctecgge agcggtectg atcaatcgtce accctttcecte 14640
ggtccttcaa cgttcecctgac aacgagectce cttttegcca atccatcgac aatcaccgeg 14700
agtccectget cgaacgctge gtccggaccg gcttegtega aggcegtctat cgecggeccge 14760
aacagcggcg agagcggagce ctgttcaacg gtgccgecge gctcegecgge atcgetgteg 14820
ccggectget cctcaagcac ggccccaaca gtgaagtage tgattgtcat cagcgcattg 14880
acggcgtcecce cggccgaaaa acccgectceg cagaggaagce gaagctgcege gtcggecgtt 14940
tcecatetgeg gtgcgecegyg tegegtgeceg gcatggatge gecgegecatce geggtaggeg 15000
agcagcgcect gectgaaget gegggcattce ccgatcagaa atgagcgcca gtegtegteg 15060
gcteteggea ccgaatgegt atgattctec geccagcatgg ctteggccag tgcegtcgage 15120
agcgceceeget tgttectgaa gtgccagtaa agcgccggct gctgaacccecce caaccgttcece 15180
gccagtttge gtgtcecgtcag accgtctacg ccgacctegt tcaacaggtce cagggcggca 15240
cggatcactg tattcggctg caactttgtc atgcttgaca ctttatcact gataaacata 15300
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atatgtccac caacttatca gtgataaaga atccgcgegt tcaatcggac cagcggaggce 15360
tggtcecggag gccagacgtyg aaacccaaca tacccctgat cgtaattctg agcactgtceg 15420
cgctecgacgce tgtcggcatce ggcctgatta tgcecggtget geccgggecte ctgcgegate 15480
tggttcactc gaacgacgtc accgcccact atggcattct gectggegetg tatgegttgg 15540
tgcaatttgce ctgcgcacct gtgctgggceg cgctgtegga tegtttcecggg cggcggccaa 15600
tcttgetegt ctegetggece ggcgecactg tcgactacge catcatggeg acagegectt 15660
tcetttgggt tetctatate gggcggatceg tggccggcat caccggggceg actggggcgg 15720
tagccggege ttatattgec gatatcactg atggcgatga gcgcegegcegg cacttegget 15780
tcatgagcgce ctgtttcggg ttecgggatgg tcecgegggace tgtgctcecggt gggctgatgg 15840
gcggtttete cccccacgcet cegttetteg cegcecggcage cttgaacggce ctcaatttece 15900
tgacgggctg tttecttttyg ccggagtcge acaaaggcga acgccggcecg ttacgecggg 15960
aggctctcaa cccgecteget tegttecggt gggeccgggg catgaccgte gtegecgece 16020
tgatggcggt cttcttcatc atgcaacttg tcggacaggt gccggecgeg ctttgggtca 16080
ttttcggcga ggatcgcttt cactgggacg cgaccacgat cggcatttcg cttgccgcat 16140
ttggcattct gcattcactc gecccaggcaa tgatcaccgg ccctgtagece geccggcteg 16200
gcgaaaggceg ggcactcatg ctceggaatga ttgccgacgg cacaggctac atcctgettg 16260
ccttegegac acggggatgg atggegttcee cgatcatggt cctgettget tegggtggeca 16320
tcggaatgce ggcgctgcaa gcaatgttgt ccaggcaggt ggatgaggaa cgtcagggge 16380
agctgcaagg ctcactggeg gcgctcacca gcctgaccte gatcecgtcecgga cccctectet 16440
tcacggcgat ctatgcggct tcectataacaa cgtggaacgg gtgggcatgg attgcaggeg 16500
ctgccecteta cttgctcetge ctgccecggege tgcgtcecgegg gectttggage ggcgcaggge 16560
aacgagccga tcgctgatceg tggaaacgat aggcctatge catgecgggtce aaggcgactt 16620
ccggcaagcet atacgcgccecc taggagtgceg gttggaacgt tggcccagec agatactcce 16680
gatcacgagc aggacgccga tgatttgaag cgcactcage gtctgatcca agaacaacca 16740
tcectagcaac acggcggtec ccgggctgag aaagcccagt aaggaaacaa ctgtaggtte 16800
gagtcgcgag atcccccgga accaaaggaa gtaggttaaa cccgctceccga tcaggccgag 16860
ccacgccagg ccgagaacat tggttectgt aggcatcggg attggcggat caaacactaa 16920
agctactgga acgagcagaa gtcctcecgge cgccagttge caggcggtaa aggtgagcag 16980
aggcacggga ggttgccact tgcgggtcag cacggttccg aacgccatgg aaaccgccce 17040
cgccaggccce gctgcgacge cgacaggatce tagecgctgeg tttggtgtca acaccaacag 17100
cgccacgecce gcagttcecege aaatagcccce caggaccgcce atcaatcgta tegggctace 17160
tagcagagcg gcagagatga acacgaccat cagcggctge acagcgcecta ccgtegecge 17220
gacceccgecec ggcaggcggt agaccgaaat aaacaacaag ctccagaata gcgaaatatt 17280
aagtgcgccg aggatgaaga tgcgcatcca ccagattcce gttggaatct gtcggacgat 17340
catcacgagc aataaacccg ccggcaacgce ccgcagcagce ataccggcga ccccteggee 17400
tcgetgtteg ggcteccacga aaacgccgga cagatgcgece ttgtgagegt ccttggggee 17460
gtcectectgt ttgaagaccg acagcccaat gatctecgceeg tcecgatgtagg cgceccgaatge 17520

cacggcatct cgcaaccgtt cagcgaacgc ctccatggge tttttectect cgtgetegta 17580
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aacggacccg aacatctcectg gagctttett cagggccgac aatcggatct cgcggaaatce 17640
ctgcacgtcg gccgctcecaa gecgtegaat ctgagcctta atcacaattg tcaattttaa 17700
tcetetgttt atcggcagtt cgtagagcecgce gccgtgegte ccgagcgata ctgagcgaag 17760
caagtgcgtc gagcagtgcc cgcttgttcec tgaaatgcca gtaaagcgct ggctgctgaa 17820
cceccagecg gaactgaccece cacaaggcecce tagegtttge aatgcaccag gtcatcattg 17880
acccaggcgt gttccaccag gecgetgect cgcaactcett cgcaggcette gecgacctge 17940
tcgegecact tettcacgeg ggtggaatce gatccgcaca tgaggcggaa ggtttecage 18000
ttgagcgggt acggctcceg gtgcgagcetg aaatagtcga acatccgteg ggccgtegge 18060
gacagcttge ggtacttcte ccatatgaat ttcgtgtagt ggtcgccagce aaacagcacg 18120
acgatttcct cgtcgatcag gacctggcaa cgggacgttt tcecttgeccacg gtccaggacg 18180
cggaagcggt gcagcagcga caccgattcce aggtgcccaa cgcggtcgga cgtgaagcce 18240
atcgecegteg cectgtaggeg cgacaggcat tcctcecggect tegtgtaata ccggecattg 18300
atcgaccagce ccaggtcctg gcaaagctceg tagaacgtga aggtgatcgg ctcgeccgata 18360
ggggtgcget tcgegtacte caacacctge tgccacacca gttegtcatce gtceggcecccege 18420
agctcgacgce cggtgtaggt gatcttcacg tccttgttga cgtggaaaat gaccttgttt 18480
tgcagcgect cgcgegggat tttettgttg cgecgtggtga acagggcaga gegggecgtg 18540
tcgtttggca tecgctcecgecat cgtgtecgge cacggcgcaa tatcgaacaa ggaaagctge 18600
atttccttga tectgectgett cgtgtgtttce agcaacgcegg cctgcttgge ctecgetgace 18660
tgttttgcca ggtcectegee ggecggttttt cgecttcettgg tegtcatagt tectegegtg 18720
tcgatggtca tcgacttege caaacctgcece gcectectgtt cgagacgacg cgaacgctcece 18780
acggcggccg atggcgcecggg cagggcaggg ggagccagtt gcacgetgte gegctegate 18840
ttggcegtag cttgctggac catcgagccg acggactgga aggtttcecgeg gggcgcacge 18900
atgacggtgc ggcttgcgat ggttteggca tcctcecggegg aaaaccccecgce gtcgatcagt 18960
tcttgectgt atgcectteeg gtcaaacgtce cgattcatte accctecttg cgggattgee 19020
ccgactcacg ccggggcaat gtgccecttat tcectgatttg acccegectgg tgecttggtg 19080
tccagataat ccaccttatc ggcaatgaag tcggtccegt agaccgtctg gecgtectte 19140
tcgtacttgg tattccgaat cttgcectge acgaatacca gcgacccctt geccaaatac 19200
ttgcegtggg ccteggectyg agagccaaaa cacttgatge ggaagaagtce ggtgcegctcece 19260
tgcttgtege cggcatcgtt gegccactcet tcattaaccg ctatatcgaa aattgettge 19320
ggcttgttag aattgccatg acgtacctecg gtgtcacggg taagattacc gataaactgg 19380
aactgattat ggctcatatc gaaagtctcce ttgagaaagg agactctagt ttagctaaac 19440
attggttcecg ctgtcaagaa ctttagcgge taaaattttg cgggccgcga ccaaaggtge 19500
gaggggcggce ttcecgectgtg tacaaccaga tatttttcac caacatcctt cgtetgecteg 19560
atgagcgggg catgacgaaa catgagctgt cggagagggce aggggtttca atttegtttt 19620
tatcagactt aaccaacggt aaggccaacc cctcgttgaa ggtgatggag gccattgcceg 19680
acgccctgga aactcccecta ccectettetee tggagtccac cgaccttgac cgcgaggcac 19740
tcgecggagat tgcgggtcecat cctttcaaga gcagecgtgce gcccggatac gaacgcatca 19800

gtgtggtttt gccgtcacat aaggcgttta tcgtaaagaa atggggcgac gacacccgaa 19860
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aaaagctgcg tggaaggctce tgacgccaag ggttagggct tgcacttcect tetttageeg 19920
ctaaaacggc cccttctetg cgggeegteg gctegcecgecat catatcgaca tectcaacgg 19980
aagccgtgece gecgaatggca tegggegggt gcecgetttgac agttgtttte tatcagaacce 20040
cctacgtegt geggttcgat tagectgtttg tcttgcagge taaacacttt cggtatatcg 20100
tttgcectgtyg cgataatgtt gctaatgatt tgttgcgtag gggttactga aaagtgagceg 20160
ggaaagaaga gtttcagacc atcaaggagc gggccaagceg caagctggaa cgcgacatgg 20220
gtgcggacct gttggccgceg ctcaacgacce cgaaaaccgt tgaagtcatg ctcaacgcgg 20280
acggcaaggt gtggcacgaa cgccttggceg agccgatgceg gtacatctge gacatgcegge 20340
ccagccagtce gcaggcgatt atagaaacgg tggccggatt ccacggcaaa gaggtcacge 20400
ggcattcgece catcctggaa ggcgagttece ccttggatgg cageccgecttt geccggccaat 20460
tgccgeeggt cgtggccgeg ccaacctttg cgatccgcaa gcgcegeggte gecatcttca 20520
cgctggaaca gtacgtcgag gcgggcatca tgacccgcga gcaatacgag gtcattaaaa 20580
gcgeegtege ggcgcatcga aacatccteg tcattggcegg tactggctcecg ggcaagacca 20640
cgctecgtcaa cgcgatcatc aatgaaatgg tcgecttcaa cccgtcectgag cgegtegtca 20700
tcatcgagga caccggcgaa atccagtgcg ccgcagagaa cgccgtccaa taccacacca 20760
gcatcgacgt ctcgatgacg ctgctgctca agacaacgct gcgtatgegce cccgaccgca 20820
tcetggtegg tgaggtacgt ggccccgaag cccttgatcect gttgatggece tggaacaccg 20880
ggcatgaagg aggtgccgce accctgcacg caaacaaccc caaagcgggce ctgagccgge 20940
tcgccatget tatcagcatg cacccggatt caccgaaacce cattgagccg ctgattggeg 21000
aggcggttca tgtggtcgtce catatcgcca ggacccecctag cggccgtcecga gtgcaagaaa 21060
ttctcgaagt tettggttac gagaacggcce agtacatcac caaaaccctg taaggagtat 21120
ttccaatgac aacggctgtt cecgttcecgte tgaccatgaa tcgceggcatt ttgttetacce 21180
ttgcecgtgtt cttegttete getctegegt tatccgegeca tccggcgatg gecteggaag 21240
gcaccggegyg cagcttgcecca tatgagaget ggctgacgaa cctgcgcaac tccecgtaaccg 21300
gcceggtgge cttegegetg tcecatcateg gecatcegtegt cgececggegge gtgetgatet 21360
tcggcggcga actcaacgec ttcecttecgaa ccectgatcett cctggttetg gtgatggege 21420
tgctggtegg cgcgcagaac gtgatgagca ccttcecttegg tegtggtgece gaaatcgegg 21480
cceteggcaa cggggcgetyg caccaggtge aagtcgegge ggcggatgece gtgegtgegg 21540
tagcggetgg acggctcegec taatcatgge tctgcgcacg atccccatce gtegegcagg 21600
caaccgagaa aacctgttca tgggtggtga tcgtgaactg gtgatgttct cgggectgat 21660
ggcgtttgeg ctgattttca gcgcccaaga gctgegggee accgtggtcg gtcetgatcect 21720
gtggttcggg gcgctctatg cgttccgaat catggcgaag gceccgatccga agatgeggtt 21780
cgtgtacctg cgtcaccgec ggtacaagcce gtattacccg gcecccgectcega ccccgtteeg 21840
cgagaacacc aatagccaag ggaagcaata ccgatgatcce aagcaattgce gattgcaatce 21900
gcgggcecteg gegegettet gttgttcate ctcectttgecee gcatccecgege ggtegatgee 21960
gaactgaaac tgaaaaagca tcgttccaag gacgccggec tggccgatct gctcaactac 22020
gccgetgteg tegatgacgg cgtaatcegtg ggcaagaacg gcagctttat ggetgectgg 22080

ctgtacaagg gcgatgacaa cgcaagcagc accgaccagce agcgcgaagt agtgteccgece 22140
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cgcatcaacc aggccctege gggcctggga agtgggtgga tgatccatgt ggacgecgtg 22200
cggcgtectg ctceccgaacta cgcggagcegg ggcctgtegg cgttececctga cegtetgacg 22260
gcagcgattyg aagaagagcg ctcggtcettg ccttgectegt cggtgatgta cttcaccage 22320
tcegecgaagt cgctettett gatggagcege atggggacgt gcecttggcaat cacgcecgcacce 22380
ccecggecgt tttageggcet aaaaaagtca tggctctgee ctcecgggcecgga ccacgeccat 22440
catgaccttg ccaagctegt cctgcttcete ttcgatctte gccagcaggg cgaggatcgt 22500
ggcatcaccg aaccgcgcecg tgcgecgggtce gtcggtgage cagagtttca gcaggccgee 22560
caggcggccce aggtcgccat tgatgeggge cagcectcgegg acgtgctcat agtccacgac 22620
gccegtgatt ttgtageccct ggcecgacgge cagcaggtag gcecgacaggce tcatgccgge 22680
cgeccgecgece ttttectcaa tegcetetteg ttecgtctgga aggcagtaca ccttgatagg 22740
tgggctgecce ttceccectggttyg gettggttte atcagccate cgcttgcecct catctgttac 22800
gccggcggta gecggceccage ctegcagagce aggattcceg ttgagcaccg ccaggtgcga 22860
ataagggaca gtgaagaagg aacacccgct cgcgggtggg cctacttcac ctatcctgece 22920
cggctgacgce cgttggatac accaaggaaa gtctacacga accctttggce aaaatcctgt 22980
atatcgtgcg aaaaaggatg gatataccga aaaaatcgct ataatgaccc cgaagcaggg 23040
ttatgcagcg gaaaagcgct gettcectge tgttttgtgg aatatctacce gactggaaac 23100
aggcaaatgc aggaaattac tgaactgagg ggacaggcga gagacgatgc caaagagcta 23160
caccgacgag ctggccgagt gggttgaatc ccgecgcggce aagaagcgcece ggcgtgatga 23220
ggctgcggtt gegttectgg cggtgagggce ggatgtcgag gcecggcecgttag cgtecggcta 23280
tgcgctegte accatttggg agcacatgcg ggaaacgggg aaggtcaagt tctcctacga 23340
gacgttcege tcgcacgcca ggcggcacat caaggccaag cccgccgatg tgcccgcacce 23400
gcaggccaag gctgcggaac ccgegcecgge acccaagacg ccggagccac ggcggccgaa 23460
gcaggggggce aaggctgaaa agccggceccce cgctgeggec ccgaccggcet tcaccttcaa 23520
cccaacaccg gacaaaaagg atctactgta atggcgaaaa ttcacatggt tttgcagggce 23580
aagggcgggg tcggcaagtce ggccatcgcec gcgatcattg cgcagtacaa gatggacaag 23640
gggcagacac ccttgtgcat cgacaccgac ccggtgaacg cgacgttcga gggctacaag 23700
gccctgaacyg tcecgecggcet gaacatcatg gecggcgacyg aaattaactc gcgcaactte 23760
gacaccctgg tcgagctgat tgcgccgacce aaggatgacg tggtgatcga caacggtgcce 23820
agctcgtteg tgcctcectgte gecattaccte atcagcaacce aggtgeccgge tectgcectgcaa 23880
gaaatggggc atgagctggt catccatacc gtcgtcacceg gcecggccaggce tctectggac 23940
acggtgagcg gcttecgcecca getcecgecage cagttcecceegg ccgaagceget tttegtggte 24000
tggctgaacc cgtattgggg gectatcgag catgagggca agagctttga gcagatgaag 24060
gcgtacacgg ccaacaaggc ccgcegtgteg tceccatcatcec agattceccggce cctcaaggaa 24120
gaaacctacg gccgcgattt cagcgacatg ctgcaagagce ggctgacgtt cgaccaggcg 24180
ctggccgatg aatcgctcac gatcatgacg cggcaacgcce tcaagatcgt geggegcgge 24240
ctgtttgaac agctcgacgc ggcggccgtg ctatgagcga ccagattgaa gagctgatce 24300
gggagattgc ggccaagcac ggcatcgceg tcggccgcga cgacccecggtg ctgatcctge 24360

ataccatcaa cgcccggcte atggcecgaca gtgcggccaa gcaagaggaa atccttgeceg 24420
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cgttcaagga agagctggaa gggatcgcce atcgttgggg cgaggacgcc aaggccaaag 24480
cggagcggat gctgaacgceg gecctggcegg ccagcaagga cgcaatggcg aaggtaatga 24540
aggacagcgce cgcgcaggceg gcecgaagcga tccgcaggga aatcgacgac ggccttggee 24600
gccagctege ggccaaggte gcggacgcge ggcgegtgge gatgatgaac atgatcgceccg 24660
gcggcatggt gttgttegeg gcegecctgg tggtgtggge ctegttatga atcgcagagg 24720
cgcagatgaa aaagcccggce gttgcceggge tttgtttttg cgttagetgg gettgtttga 24780
caggcccaag ctctgactge geccgegcete gcecgetcectgg gectgtttet tetcecetgete 24840
ctgcttgege atcagggcct ggtgccegtceg ggctgcttca cgcatcgaat cccagtegee 24900
ggccagcteg ggatgctceccecg cgegcatctt gegegtegee agttcecctcega tcecttgggege 24960
gtgaatgccc atgecttcect tgatttcecgeg caccatgtec agccgcegtgt gcagggtcetg 25020
caagcgggct tgctgttggg ccectgetgetg ctgccaggceg gectttgtac geggcaggga 25080
cagcaagccg ggggcattgg actgtagcetg ctgcaaacge gcectgcectgac ggtctacgag 25140
ctgttctagg cggtcctega tgcgctceccac ctggtcatge tttgecctgca cgtagagcge 25200
aagggtctge tggtaggtcect gectcgatggg cgcggattct aagagggcect getgttecegt 25260
cteggectee tgggccgect gtagcaaatc ctecgcecgetg ttgccgcetgg actgetttac 25320
tgccggggac tgctgttgece ctgctegege cgtegtegeca gtteggettg ceccccacteg 25380
attgactgct tcatttcgag ccgcagcgat gcgatctegg attgcgtcaa cggacgggge 25440
agcgcggagg tgtccggett ctecttgggt gagtcggteg atgccatage caaaggttte 25500
cttccaaaat gcgtccattg ctggaccgtg tttcectcattg atgcccgcaa gcatcttegg 25560
cttgaccgcce aggtcaageg cgccttcatg ggcggtcatg acggacgccg ccatgacctt 25620
gccgecgttyg ttetcecgatgt ageccgcgtaa tgaggcaatg gtgeccgccca tcgtcagegt 25680
gtcatcgaca acgatgtact tctggccggg gatcacctec ccctcgaaag tcgggttgaa 25740
cgccaggcga tgatctgaac cggctcecggt tcecgggcgacce ttctecccget gcacaatgte 25800
cgtttcgacce tcaaggccaa ggcggtcggce cagaacgacce gccatcatgg ccggaatctt 25860
gttgttceee gecgectcecga cggcgaggac tggaacgatg cggggcttgt cgtegeccgat 25920
cagcgtettg agctgggcaa cagtgtegtce cgaaatcagg cgctcgacca aattaagcge 25980
cgctteegeg tegeectget tegcagectg gtattcagge tecgttggtca aagaaccaag 26040
gtcgecgttyg cgaaccacct tcgggaagtce tccccacggt gegegctegg ctetgetgta 26100
gctgctcaag acgectceccect ttttagecge taaaactcta acgagtgcgce ccgcegactca 26160
acttgacgct ttcggcactt acctgtgect tgccacttge gtcataggtg atgctttteg 26220
cactcccecgat ttcaggtact ttatcgaaat ctgaccggge gtgcattaca aagttcecttcece 26280
ccacctgttg gtaaatgctg ccgctatctg cgtggacgat gctgcegteg tggcgetgeg 26340
acttatcgge cttttgggcc atatagatgt tgtaaatgce aggtttcagg gcccecggcectt 26400
tatctacctt ctggttcgtce catgcgectt ggttcteggt ctggacaatt ctttgcccat 26460
tcatgaccag gaggcggtgt ttcattgggt gactcctgac ggttgectcect ggtgttaaac 26520
gtgtcctggt cgcttgecgg ctaaaaaaaa gccgaccteg gcagttcgag gccggcettte 26580
cctagagccg ggcgcgtcaa ggttgttcecca tctattttag tgaactgcegt tcgatttatce 26640

agttactttc ctccecgettt gtgtttecte ccactcegttt cecgegtctag ccgaccccte 26700
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aacatagcgg cctcecttettg ggctgecttt gectcecttgee gegettegte acgctegget 26760
tgcaccgtecg taaagcgctce ggcctgectg gceccgectett gegecgcecaa cttecetttge 26820
tcetggtggg ccteggegte ggcctgegee ttegcetttceca cecgetgccaa cteccgtgege 26880
aaactctceg cttegegect ggtggegtceg cgctcecgecge gaagegectg catttectgg 26940
ttggcegegt ccagggtett geggetcetcet tcetttgaatg cgcecgggegte ctggtgageg 27000
tagtccagct cggcgcgcag ctcecctgeget cgacgctcecca cctegtegge cecgctgegte 27060
gccagcegegg cccgcetgete ggetectgec agggceggtge gtgettegge cagggcttge 27120
cgetggegtyg cggccagete ggccgecteg gcggcectget gcectctagcaa tgtaacgege 27180
gcctgggett cttecagete gcgggectge gectecgaagg cgtceggccag ctecccgege 27240
acggcttcecca actcegttgeg ctcacgatce cageccggcett gecgetgectg caacgattca 27300
ttggcaaggg cctgggcggce ttgccagagg gcggccacgg cctggttgece ggcctgectge 27360
accgegtecg gecacctggac tgccageggg gcggcctgeg ccgtgegetg gegtegecat 27420
tcgegeatge cggcegctgge gtegttcatg ttgacgecggg cggcecttacg cactgcatce 27480
acggtcggga agttctceceg gtegecttge tcgaacagcet cgtcecgcage cgcaaaaatg 27540
cggtcgegeg tetetttgtt cagttcecatg ttggctecgg taattggtaa gaataataat 27600
actcttacct accttatcag cgcaagagtt tagctgaaca gttctcgact taacggcagg 27660
ttttttageg gctgaagggce aggcaaaaaa agccccgcac ggtceggceggg ggcaaagggt 27720
cagcgggaag gggattagceg ggcgteggge ttcttcatge gtcecggggecg cgcttettgg 27780
gatggagcac gacgaagcgce gcacgcgcat cgtcectegge cctatcggece cgegtegegg 27840
tcaggaactt gtcgcgcget aggtcectceccee tggtgggcac caggggcatg aactcecggect 27900
gctecgatgta ggtccactcece atgaccgcat cgcagtcgag gcecgegttcece ttcaccgtet 27960
cttgcaggtc gcggtacgec cgctcegttga gcggctggta acgggccaat tggtcecgtaaa 28020
tggctgtegg ccatgagegg cctttectgt tgagccagca gccgacgacg aagccggcaa 28080
tgcaggccce tggcacaacc aggccgacgce cgggggcagg ggatggcage agctcegccaa 28140
ccaggaaccce cgccgcgatg atgccgatgce cggtcaacca gcccttgaaa ctatccggece 28200
ccgaaacacc cctgcgcatt gectggatge tgcgccggat agcettgcaac atcaggagcece 28260
gtttecttttyg ttecgtcagte atggtccgec ctcaccagtt gttegtatcg gtgtecggacg 28320
aactgaaatc gcaagagctg ccggtatcgg tccagceget gtcecegtgteg ctgctgecga 28380
agcacggcga ggggtccgeg aacgcecgcag acggcgtate cggccgcage gcatcgccca 28440
gcatggcecece ggtcagcgag ccgecggcca ggtageccag catggtgetg ttggtegece 28500
cggccaccag ggccgacgtyg acgaaatcgce cgtcattcecce tcectggattgt tegctgecteg 28560
gcggggcagt gcegecgegcee ggceggcegteg tggatggcte gggttggetg gectgcgacg 28620
gccggcgaaa ggtgcgcage agctcecgttat cgaccggctg cggegteggg gccgecgect 28680
tgcgectgegg teggtgttece ttettegget cgcgcagett gaacagcatg atcgcggaaa 28740
ccagcagcaa cgccgcgect acgcecteccceg cgatgtagaa cagcatcgga ttcattctte 28800
ggtcctecett gtagecggaac cgttgtetgt geggegeggg tggeccgege cgetgtettt 28860
ggggatcagc cctcgatgag cgcgaccagt ttcacgtcgg caaggttcgce ctcecgaactce 28920

tggcecgtegt cctegtactt caaccaggca tagecttecg ccggecggcecg acggttgagg 28980
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ataaggcggg cagggcgctce gtegtgecteg acctggacga tggecttttt cagcttgtcece 29040
gggtccgget ccttegegee cttttecttg gegtecttac cgtectggte gecegtecteg 29100
ccgtectgge cgtcegecgge ctceccgegtca cgctcecggcat cagtectggece gttgaaggca 29160
tcgacggtgt tgggatcgeg gecctteteg tccaggaact cgcgcagcag cttgaccgtg 29220
ccgegegtga tttectgggt gtegtegtca agccacgect cgacttcecte cgggegette 29280
ttgaaggccg tcaccagcte gttcaccacg gtcacgtege gcacgeggece ggtgttgaac 29340
gcatcggega tcecttectecgg caggtccage agecgtgacgt gcectgggtgat gaacgccgge 29400
gacttgccga tttecttgge gatatcgect ttcettettge ccttecgecag ctegeggceca 29460
atgaagtcgg caatttcgeg cggggtcage tcecgttgegtt gcaggttcte gataacctgg 29520
tcggecttegt tgtagtcecgtt gtcgatgaac gccgggatgg acttecttgec ggcccactte 29580
gagccacggt agcggcgggce gccgtgattg atgatatage ggcccggcetg ctectggtte 29640
tcgecgcaccg aaatgggtga cttcacccceg cgctcectttga tecgtggcacce gatttecgeg 29700
atgctcteeg gggaaaagec ggggttgteg gcecgtcecegeg gctgatgegg atcttegteg 29760
atcaggtcca ggtccagcte gatagggccg gaaccgccect gagacgcecgce aggagegtcece 29820
aggaggctcg acaggtcgec gatgctatcce aaccccagge cggacggctg cgccgegect 29880
gcggcettect gageggcecge ageggtgttt ttcecttggtgg tettggettg agecgcagte 29940
attgggaaat ctccatcttc gtgaacacgt aatcagccag ggcgcgaacc tctttegatg 30000
ccttgegege ggcecegtttte ttgatcecttee agaccggcac accggatgceg agggcatcgg 30060
cgatgctgcet gecgcaggcca acggtggccg gaatcatcat cttggggtac geggcecagca 30120
gcteggettyg gtggegegeg tggcegcggat tccgegcate gaccttgetg ggcaccatge 30180
caaggaattg cagcttggcg ttcttetgge gcacgttege aatggtcecgtg accatcttet 30240
tgatgcecctg gatgctgtac gectcaagcet cgatggggga cagcacatag tcggeccgcga 30300
agagggcggce cgccaggccg acgccaaggg tcggggcecegt gtcgatcagg cacacgtcga 30360
agccttggtt cgccagggcece ttgatgttceg ccccgaacag ctcecgegggeg tegtecageg 30420
acagccgtte ggcegttcecgece agtaccgggt tggactcgat gagggcgagg cgcgeggcect 30480
ggcegtegee ggctgegggt gecggtttegg tccagecgee ggcagggaca gcgcecgaaca 30540
gcttgettge atgcaggccg gtagcaaagt ccttgagcecgt gtaggacgca ttgcecctggg 30600
ggtccaggte gatcacggca acccgcaagce cgcgctcgaa aaagtcgaag gcaagatgca 30660
caagggtcga agtcttgcecg acgccgectt tcectggttgge cgtgaccaaa gttttcatceg 30720
tttggtttce tgttttttet tggcgtceccecge ttecccactte cggacgatgt acgcctgatg 30780
ttccggcaga accgceccgtta ceccgegegta cceocteggge aagttettgt cctcgaacge 30840
ggcccacacg cgatgcaccg cttgcgacac tgcgcccctg gtcagtccca gcgacgttge 30900
gaacgtcgece tgtggcttce catcgactaa gacgccccge gctatctcecga tggtectgetg 30960
cceccacttee agecectgga tegectectg gaactggett tecggtaagec gtttettcat 31020
ggataacacc cataatttgc tccgcgectt ggttgaacat agcggtgaca gccgccagca 31080
catgagagaa gtttagctaa acatttctcg cacgtcaaca cctttagccg ctaaaactcg 31140
tcettggegt aacaaaacaa aagcccggaa accgggcettt cgtcetettge cgcecttatgge 31200

tctgcacceg getcecatcac caacaggtceg cgcacgegcet tcacteggtt geggatcgac 31260
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actgccagcce caacaaagcc ggttgcecgcece gccgccagga tcgcegecgat gatgecggee 31320
acaccggcca tcgcccacca ggtcgecgece tteceggttee attcectgetg gtactgette 31380
gcaatgctgg acctcggcte accataggct gaccgctcga tggecgtatgce cgettctece 31440
cttggcgtaa aacccagcgce cgcaggcggce attgccatge tgcccgecge tttcececcgace 31500
acgacgcgceg caccaggctt geggtcecaga ccttcecggcecca cggcgagctg cgcaaggaca 31560
taatcagccg ccgacttgge tccacgecgcece tcgatcaget cttgcacteg cgcgaaatce 31620
ttggcctecca cggccgccat gaatcgecgca cgcggcgaag gctcecgcagg gecggegtceg 31680
tgatcgcecge cgagaatgcc cttcaccaag ttcgacgaca cgaaaatcat gctgacgget 31740
atcaccatca tgcagacgga tcgcacgaac ccgctgaatt gaacacgagce acggcacccg 31800
cgaccactat gccaagaatg cccaaggtaa aaattgccgg ccccgcecatg aagtccecgtga 31860
atgccceccgac ggccgaagtyg aagggcaggc cgccacccag gccgccgcecce tcactgeceg 31920
gcacctggte gctgaatgte gatgccagca cctgcggcac gtcaatgett ccgggegteg 31980
cgcteggget gatcgceccat cceccgttactg ccccgatcce ggcaatggca aggactgcca 32040
gcgetgecat ttttggggtg aggccgtteg cggccgaggg gcegcageccce tggggggatg 32100

ggaggccege gttagecggge cgggagggtt cgagaagggg gggcaccceccce ctteggegtg 32160

cgcggtcecacg cgcacagggce gcagcecectgg ttaaaaacaa ggtttataaa tattggttta 32220
aaagcaggtt aaaagacagg ttagcggtgg ccgaaaaacg ggcggaaacc cttgcaaatg 32280
ctggattttc tgcctgtgga cagcccectca aatgtcaata ggtgcgccce tcatctgtca 32340
gcactctgee cctcaagtgt caaggatcgce gecccctcate tgtcagtagt cgecgeccceccte 32400
aagtgtcaat accgcagggc acttatcccc aggcttgtcece acatcatctg tgggaaactce 32460
gcgtaaaatc aggecgtttte gccgatttge gaggctggec agctccacgt cgecggcecga 32520
aatcgagcct geccectcate tgtcaacgcece gcgecgggtg agtceggcecce tcaagtgtca 32580
acgtccgecce ctcatctgte agtgagggcece aagttttecg cgaggtatcce acaacgccgg 32640
cggcecgeggt gtctegcaca cggcttegac ggegtttetg gegegtttge agggcecatag 32700
acggccgceca gcoccagcgge gagggcaacce agcccggtga gecgtcggaaa ggcgcectggaa 32760
gccecegtage gacgcggaga ggggcgagac aagccaaggg cgcaggctcg atgcegcagca 32820
cgacatagcce ggttctcgca aggacgagaa tttceccctgeg gtgcccecctca agtgtcaatg 32880
aaagtttcca acgcgagcca ttcgcgagag ccttgagtce acgctagatg agagetttgt 32940
tgtaggtgga ccagttggtg attttgaact tttgctttge cacggaacgg tctgegttgt 33000
cgggaagatg cgtgatctga tceccttcaact cagcaaaagt tcgatttatt caacaaagcc 33060
acgttgtgtc tcaaaatctc tgatgttaca ttgcacaaga taaaaatata tcatcatgaa 33120
caataaaact gtctgcttac ataaacagta atacaagggg tgttatgagc catattcaac 33180
gggaaacgtc ttgctcgact ctagagctecg ttcecctecgagg cctecgaggcece tcgaggaacg 33240
gtacctgcgg ggaagcttac aataatgtgt gttgttaagt cttgttgect gtcatcgtet 33300
gactgacttt cgtcataaat cccggcctecc gtaacccage tttgggcaag ctcacggatt 33360
tgatccggceg gaacgggaat atcgagatgc cgggctgaac gctgcagttce cagctttccece 33420
tttcgggaca ggtactccag ctgattgatt atctgctgaa gggtcecttggt tccacctcecct 33480

ggcacaatgc gaatgattac ttgagcgcga tcgggcatcc aattttctcecce cgtcaggtge 33540
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gtggtcaagt

acggacaaaa

cgttcatecte

atggatacat

gtgtctgeat

ctatccgaaa

agacgggcac

gtctcacteyg

tctggatact

tatgaaatca

cttataacga

aaacatttat

aatatgcaac

atgggecttt

gaaaaccgge

getgtgaagt

agctcgaagyg

acacaatcat

tcgatgagge

caattcctac

gcaggatgte

atgcatttge

ctgatccgac

tcatttcgaa

attgteggte

ccecgacactt

agaccagcaa

gctaactgty

agcgcgacceg

tcectegaag

ggcagatgga

atcegttete

tcattttgat

cgegetegeg

tcggaacccee

ccttttgage

gtgcgaaace

ttgagggett

gctacaagge

tggagcgcag

gcacagcecte

tgcttgagag

ctatttecgag

gtcecagcag

tcacgacctt

acgtggetcet

ccagcacgaa

acagtacatt

atgtgaaata

acgaacaaaa

ttttgacgtt

gegetgettt

ctctgacgeg

ctattecegec

atttgattat

cgctagetcea

actatctacc

agetgttttyg

agagacgcta

cgcgatgaaa

gatgcgecte

actgatcage

ggcgaagcac

gttccccaga

cgtgagecte

gatgccctta

ccegegecte

tcgctacaaa

tcatttegeg

gttcagacct

CCgttggggt

tcattetttyg

tcaccaaata

cagataatta

tgcacgteeg

gacggatccyg

acctttcagt

tagtccatcg

cagatccgat

tattccgatg

aaagcccecg

gegegettga

gaacccttea

ggtgtgtttt

atgtgccegyg

tacagtcaat

aaaatagtgt

atacaaatgc

ttgttcttte

ggcaaatgac

atggagagaa

gacgaaatgce

gegttggeeg

aacctgette

taccgctacyg

cgccaacgeg

gagagcctte

gaacgcggca

atagagagga

aaaatcttgg

ggngCtth

agctggacct

tcgtegecga

gtccacctee

aagtgtcgaa

tgattttaag

tggcceccgaa

cacgcatgtt

tggagaccge

ctggagagaa

ttgagtgtag

agagccaaat

cgtcaaagaa

cctcaagttt

aacgagcgac

agggeggega

cgagggtett

gactgaagta

atgcggegea

taggaaaagg

actttcaggyg

gacatagcett

gtagacggat

actgaatata

aacaacgcett

actccggttt

aaagggggtyg

ggtaaacgag

aacgccttac

cccttettga

atacgegtygg

tgatccccac

tcatcgaget

tcceggtegy

cagttgtacc

tgttgecatct

atctteggat

aggcttgaag

tggtgctega

ccagcacttyg

tcacatttac

gtceccgaaa

aacatatgac

gegegegttg

aagttatccg

cceggttgeyg

tcgagettte

gccatcegage

gtttgaggce

gcaattggcet

ataaccggca

gcggegeage

cgtegateceyg tegecgggat

aagcctcgee aaaagcaata

cggegtagge agatagaage

tggcttccat cttttetegt

ccgcaacgeg aattgecata

tttcatacte ggccgatege

atcgatgcetyg gttgatggta

cctecaaaga aagcggaagg

ggaagtctag ccctgctcaa

cttgctacat ttgcaattgt

ttactcatcyg ataatcacaa

cacaggatag gcgggatcag

ctggcaaaac caccgcactce

tggcecctett tgatgecgac

aaagcagtac tgggatcctce

agcagcctat gaaaatgecg

cggctegage gagctcaaca

catgctaacyg ccgctegaca

getgttgagt gaaaatttgg

ccgattgaca acatcgcaac

gtctcecatyg catgaaagag

tacattacta aacacgggaa

tgcgatggag gaagtcgtgg

atggcaattc gcaagcccge

cccgagatcee accatcccaa

cctgaaaaag ccgacgagaa

agtcccgate gacaacttaa

aagctccagg tttttettte

aacctegtte ggcaatacag

gacgatttcg aaagcatgcet

atcccttcaa ctacagaaaa

ttgctegagyg tegetcegaag

ggccacaage tggctaccge

aattggtgaa gagggaccta

getggecgeg tectcagtca

caggctgeca tegteccccee

cctettgetg tttttatcag

cgcaaaatga gaacatctat

33600

33660

33720

33780

33840

33900

33960

34020

34080

34140

34200

34260

34320

34380

34440

34500

34560

34620

34680

34740

34800

34860

34920

34980

35040

35100

35160

35220

35280

35340

35400

35460

35520

35580

35640

35700

35760

35820
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actcctgteg taaacctect cgtcgegtac tcgactggca atgagaagtt gectcgegcga 35880
tagaacgtcg cggggtttct ctaaaaacgc gaggagaaga ttgaactcac ctgccgtaag 35940
tttcacctca ccgccagett cggacatcaa gcgacgttge ctgagattaa gtgtceccagte 36000
agtaaaacaa aaagaccgtc ggtctttgga gcggacaacg ttggggcgca cgcgcaaggce 36060
aacccgaatg cgtgcaagaa actctcectcegt actaaacgge ttagcgataa aatcacttge 36120
tcectageteg agtgcaacaa ctttatccegt ctectcaagg cggtcgccac tgataattat 36180
gattggaata tcagactttg ccgccagatt tcgaacgatc tcaagcccat cttcacgacc 36240
taaatttaga tcaacaacca cgacatcgac cgtcgcggaa gagagtactc tagtgaactg 36300
ggtgctgteg gctaccgegg tcactttgaa ggcgtggatce gtaaggtatt cgataataag 36360
atgccgcata gcgacatcgt catcgataag aagaacgtgt ttcaacggct cacctttcaa 36420
tctaaaatct gaacccttgt tcacagcgct tgagaaattt tcacgtgaag gatgtacaat 36480
catctccage taaatgggca gttcgtcaga attgcggctg accgcggatg acgaaaatgce 36540
gaaccaagta tttcaatttt atgacaaaag ttctcaatcg ttgttacaag tgaaacgctt 36600
cgaggttaca gctactattg attaaggaga tcgcctatgg tctcegecceg gegtegtgeg 36660
tcegecgega gecagatcte gectacttca taaacgtect cataggcacg gaatggaatg 36720
atgacatcga tcgccgtaga gagcatgtca atcagtgtge gatcttccaa gctagcacct 36780
tgggcgctac ttttgacaag ggaaaacagt ttcttgaatc cttggattgg attcgecgccg 36840
tgtattgttg aaatcgatcc cggatgtcce gagacgactt cactcagata agcccatget 36900
gcatcgtege gcatctecgcee aagcaatatc cggteccggec gcatacgcag acttgettgg 36960
agcaagtgct cggcgctcac agcacccagc ccagcaccgt tcecttggagta gagtagtcta 37020
acatgattat cgtgtggaat gacgagttcg agcgtatctt ctatggtgat tagcctttcce 37080
tgggggggga tggcgctgat caaggtcttg ctcattgttg tecttgecget tecggtaggg 37140
ccacatagca acatcgtcag tcggctgacg acgcatgegt gcagaaacgce ttccaaatcce 37200
ccgttgtcaa aatgctgaag gatagcttca tcatcctgat tttggegttt ccttegtgte 37260
tgccactggt tccacctcga agcatcataa cgggaggaga cttcectttaag accagaaaca 37320
cgcgagettg gecgtcgaat ggtcaagcetg acggtgcccg agggaacggt cggcggcaga 37380
cagatttgta gtcgttcacc accaggaagt tcagtggcgce agagggggtt acgtggtccg 37440
acatcctgcet ttctcagecge geccgctaaa atagcgatat cttcaagatc atcataagag 37500
acgggcaaag gcatcttggt aaaaatgccg gcttggcgca caaatgcectce tccaggtcga 37560
ttgatcgcaa tttcttcagt cttcgggtca tcgagccatt ccaaaatcgg cttcagaaga 37620
aagcgtagtt gcggatccac ttccatttac aatgtatcct atctctaage ggaaatttga 37680
attcattaag agcggcggtt cctcccccecge gtggcgecge cagtcaggceg gagctggtaa 37740
acaccaaaga aatcgaggtc ccgtgctacg aaaatggaaa cggtgtcacc ctgattctte 37800
ttcagggttg gcggtatgtt gatggttgcce ttaagggctg tctcagttgt ctgctcaccg 37860
ttattttgaa agctgttgaa gctcatccceg ccacccgage tgccggcecgta ggtgctaget 37920
gcctggaagyg cgccttgaac aacactcaag agcatagctce cgctaaaacg ctgccagaag 37980
tggctgtcga ccgagccegg caatcctgag cgaccgagtt cgtcecgeget tggcgatgtt 38040

aacgagatca tcgcatggtc aggtgtctcg gcgcgatcce acaacacaaa aacgcgccca 38100
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tctecectgtt gecaagccacg ctgtatttceg ccaacaacgg tggtgccacg atcaagaagce 38160
acgatattgt tcgttgttcc acgaatatcc tgaggcaaga cacactttac atagcctgcecce 38220
aaatttgtgt cgattgcggt ttgcaagatg cacggaatta ttgtcccttg cgttaccata 38280
aaatcggggt gcggcaagag cgtggcegctg ctgggctgca gcteggtggg tttcatacgt 38340
atcgacaaat cgttctcgec ggacacttceg ccattcggca aggagttgtce gtcacgecttg 38400
ccttettgte ttecggccegt gtegecectga atggcgegtt tgctgaccce ttgatcecgeccecg 38460
ctgctatatg caaaaatcgg tgtttcecttcec ggcegtggcet catgeccgcte cggttegece 38520
ctcggeggta gaggagcagce aggctgaaca gcctcttgaa ccgctggagg atccggegge 38580
acctcaatcg gagctggatg aaatggcttg gtgtttgttg cgatcaaagt tgacggcgat 38640
gcgttcecteat tcaccttcett ttggcgecca cctagccaaa tgaggcttaa tgataacgceg 38700
agaacgacac ctccgacgat caatttctga gaccccgaaa gacgccggceg atgtttgteg 38760
gagaccaggg atccagatgc atcaacctca tgtgccgctt gctgactatc gttattcatce 38820
ccttegeccee cttcaggacg cgtttcacat cgggcctcac cgtgcccecgtt tgcggecttt 38880
ggccaacggg atcgtaagcg gtgttccaga tacatagtac tgtgtggcca tccectcagac 38940
gccaaccteg ggaaaccgaa gaaatctcga catcgcectcec tttaactgaa tagttggcaa 39000
cagcttectt geccatcagga ttgatggtgt agatggaggg tatgcgtaca ttgcccggaa 39060
agtggaatac cgtcgtaaat ccattgtcga agacttcgag tggcaacagc gaacgatcge 39120
cttgggcgac gtagtgccaa ttactgtccg ccgcaccaag ggctgtgaca ggctgatcca 39180
ataaattctc agctttcegt tgatattgtg ctteccgegtg tagtctgtece acaacagcect 39240
tctgttgtge ctececttege cgagecgecg catcgtegge ggggtaggceg aattggacge 39300
tgtaatagag atcgggctgce tetttatcga ggtgggacag agtcttggaa cttatactga 39360
aaacataacg gcgcatcceg gagtcegettg cggttagcac gattactgge tgaggcegtga 39420
ggacctggcet tgccttgaaa aatagataat ttcccecgegg tagggctgcet agatctttge 39480
tatttgaaac ggcaaccgct gtcaccgttt cgttcgtgge gaatgttacg accaaagtag 39540
ctccaaccge cgtcgagagg cgcaccactt gatcgggatt gtaagccaaa taacgcatgce 39600
gcggatctag cttgccecgee attggagtgt cttcagecte cgcaccagtc gcagcggcaa 39660
ataaacatgc taaaatgaaa agtgcttttc tgatcatggt tcgctgtgge ctacgtttga 39720
aacggtatct tccgatgtcect gataggaggt gacaaccaga cctgccgggt tggttagtcet 39780
caatctgcecg ggcaagctgg tcacctttte gtagcgaact gtcecgeggtcce acgtactcac 39840
cacaggcatt ttgccgtcaa cgacgagggt ccttttatag cgaatttgct gegtgettgg 39900
agttacatca tttgaagcga tgtgctcgac ctccaccctg ccgegtttge caagaatgac 39960
ttgaggcgaa ctgggattgg gatagttgaa gaattgctgg taatcctgge gcactgttgg 40020
ggcactgaag ttcgatacca ggtcgtaggce gtactgageg gtgtcggcat cataactctce 40080
gcgcaggcega acgtactcce acaatgaggce gttaacgacg gcectcectett gagttgcagg 40140
caatcgcgag acagacacct cgctgtcaac ggtgccgtcece ggccgtatce atagatatac 40200
gggcacaagc ctgctcaacg gcaccattgt ggctatageg aacgcttgag caacatttcce 40260
caaaatcgcg atagctgcga cagctgcaat gagtttggag agacgtcgceg ccgatttcge 40320

tcgegeggtt tgaaaggctt ctacttectt atagtgcteg gcaaggcettt cgcgegccac 40380
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tagcatggca tattcaggcc ccgtcatagce gtccacccga attgccgage tgaagatctg 40440
acggagtagg ctgccatcgce cccacattca gcgggaagat cgggcctttg cagctegecta 40500
atgtgtegtt tgtctggcag ccgctcaaag cgacaactag gcacagcagg caatacttca 40560
tagaattctc cattgaggcg aatttttgcg cgacctagcce tcgctcaacce tgagcgaage 40620
gacggtacaa gctgctggca gattgggttg cgccgctcca gtaactgect ccaatgttge 40680
cggcgatcge cggcaaagcg acaatgagcg catcccctgt cagaaaaaac atatcgagtt 40740
cgtaaagacc aatgatcttg geccgeggtceg taccggcgaa ggtgattaca ccaagcataa 40800
gggtgagcge agtcgcttcg gttaggatga cgatcgttge cacgaggttt aagaggagaa 40860
gcaagagacc gtaggtgata agttgcccga tccacttage tgcgatgtcce cgegtgcgat 40920
caaaaatata tccgacgagg atcagaggcc cgatcgcgag aagcactttc gtgagaattce 40980
caacggcgtce gtaaactccg aaggcagacc agagcgtgce gtaaaggacc cactgtgcce 41040
cttggaaagc aaggatgtcc tggtcgttca tcggaccgat ttcggatgceg attttetgaa 41100
aaacggcctg ggtcacggeg aacattgtat ccaactgtge cggaacagtc tgcagaggca 41160
agccggttac actaaactgc tgaacaaagt ttgggaccgt cttttcgaag atggaaacca 41220
catagtcttg gtagttagcc tgcccaacaa ttagagcaac aacgatggtg accgtgatca 41280
ccecgagtgat accgctacgg gtatcgactt cgccgcgtat gactaaaata ccctgaacaa 41340
taatccaaag agtgacacag gcgatcaatg gcgcactcac cgcctecctgg atagtctcaa 41400
gcatcgagte caagcctgte gtgaaggcta catcgaagat cgtatgaatg gccgtaaacg 41460
gcgecggaat cgtgaaattce atcgattgga cctgaacttg actggtttgt cgcataatgt 41520
tggataaaat gagctcgcat tcggcgagga tgcgggcgga tgaacaaatc gecccagcectt 41580
aggggagggc accaaagatg acagcggtct tttgatgcecte cttgcgttga geggecgect 41640
cttcegecte gtgaaggcceg gectgegegyg tagtcatcegt taataggcett gtecgectgta 41700
cattttgaat cattgcgtca tggatctgct tgagaagcaa accattggtc acggttgcct 41760
gcatgatatt gcgagatcgg gaaagctgag cagacgtatc agcattcgcc gtcaagegtt 41820
tgtccatcgt ttccagattg tcagceccgcaa tgccagegcet gtttgecggaa ccggtgatcet 41880
gcgatcgcaa caggtccgct tcagcatcac tacccacgac tgcacgatct gtatcgetgg 41940
tgatcgcacg tgccgtggtce gacattggca ttcgcggcga aaacatttca ttgtctaggt 42000
ccttegtega aggatactga tttttetggt tgagcgaagt cagtagtcca gtaacgccgt 42060
aggccgacgt caacatcgta accatcgcta tagtctgagt gagattctcce gcagtegcga 42120
gcgcagtege gagegtcectca gectecegttg cegggteget aacaacaaac tgcgcccgeg 42180
cgggctgaat atatagaaag ctgcaggtca aaactgttgce aataagttgc gtcgtettca 42240
tcgtttecta ccttatcaat cttcectgecte gtggtgacgg gccatgaatt cgctgagcca 42300
gccagatgag ttgecttcett gtgectegeg tagtcgagtt gcaaagcgca ccgtgttgge 42360
acgcccecgaa agcacggcga catattcacg catatcccge agatcaaatt cgcagatgac 42420
gctteccactt tcectegtttaa gaagaaactt acggctgceg accgtcatgt cttcacggat 42480
cgcctgaaat tecttttegg tacatttcag tccatcgaca taagccgatc gatctgeggt 42540
tggtgatgga tagaaaatct tcgtcataca ttgcgcaacc aagctggctce ctagcecggcga 42600

ttccagaaca tgctctggtt getgegttge cagtattage atccecgttgt tttttecgaac 42660
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ggtcaggagg aatttgtcga cgacagtcga aaatttaggg tttaacaaat aggcgcgaaa 42720
ctcatcgcag ctcatcacaa aacggcggcce gtcgatcatg gctccaatce gatgcaggag 42780
atatgctgca gcgggagcge atacttecte gtattcgaga agatgcgtca tgtcgaagece 42840
ggtaatcgac ggatctaact ttacttcgtc aacttcgceg tcaaatgccce agccaagcge 42900
atggccecgg caccagcgtt ggagcecgcege tcectgcgect tecggecgggece catgcaacaa 42960
aaattcacgt aaccccgcga ttgaacgcat ttgtggatca aacgagagct gacgatggat 43020
accacggacc agacggcggt tectctteccgg agaaatccca ccccgaccat cactctcgat 43080
gagagccacg atccattcge gcagaaaatc gtgtgaggcet gcetgtgtttt ctaggccacg 43140
caacggcgcce aacccgctgg gtgtgectcet gtgaagtgce aaatatgttce ctcectgtgge 43200
gcgaaccagce aattcgccac cceggtectt gtcaaagaac acgaccgtac ctgcacggte 43260
gaccatgcte tgttcgagca tggctagaac aaacatcatg agcgtcgtct tacccctcece 43320
gataggccceg aatattgccg tcatgccaac atcgtgctca tgcgggatat agtcgaaagg 43380
cgttcegeca ttggtacgaa atcgggcaat cgcgttgcece cagtggcectg agctggcgece 43440
ctctggaaag ttttcgaaag agacaaaccce tgcgaaattg cgtgaagtga ttgcgccagg 43500
gcgtgtgege cacttaaaat tccccggcaa ttgggaccaa taggccgcectt ccataccaat 43560
accttettgg acaaccacgg cacctgcatce cgccattegt gtceccgagcce gegcgecccect 43620
gtcecccaaga ctattgagat cgtcectgcata gacgcaaagg ctcaaatgat gtgagcccat 43680
aacgaattcg ttgctcgcaa gtgcgteccte agecctcggat aatttgccga tttgagtcac 43740
ggctttateg ccggaactca gcatctgget cgatttgagg ctaagtttcg cgtgegettg 43800
cgggcgagtc aggaacgaaa aactctgcgt gagaacaagt ggaaaatcga gggatagcag 43860
cgegttgage atgcccggec gtgtttttge agggtattcg cgaaacgaat agatggatcce 43920
aacgtaactg tcttttggeg ttctgatcte gagtcctege ttgccgcaaa tgactetgte 43980
ggtataaatc gaagcgccga gtgagccgcet gacgaccgga accggtgtga accgaccagt 44040
catgatcaac cgtagcgctt cgccaatttc ggtgaagagce acaccctgcect tctcgeggat 44100
gccaagacga tgcaggccat acgctttaag agagccagceg acaacatgcc aaagatcttce 44160
catgttecctg atctggcceg tgagatcgtt ttceccttttt cecgcttaget tggtgaacct 44220
cctetttace ttcecectaaag ccgectgtgg gtagacaatce aacgtaagga agtgttcatt 44280
gcggaggagt tggccggaga gcacgcgctg ttcaaaagcet tcegttcaggce tagcecggcgaa 44340
aacactacgg aagtgtcgcg gcgccgatga tggcacgtcg gcatgacgta cgaggtgage 44400
atatattgac acatgatcat cagcgatatt gcgcaacagc gtgttgaacg cacgacaacyg 44460
cgcattgcge atttcagttt cctcaagctc gaatgcaacg ccatcaattc tcgcaatggt 44520
catgatcgat ccgtcttcaa gaaggacgat atggtcgctg aggtggccaa tataagggag 44580
atagatctca ccggatcttt cggtcegttcee actcgcgecg agcatcacac cattcctcte 44640
cctegtgggg gaaccctaat tggatttggg ctaacagtag cgccccccca aactgcacta 44700
tcaatgcttce ttccecgeggt ccgcaaaaat agcaggacga cgctcecgcecge attgtagtet 44760
cgctccacga tgagccgggce tgcaaaccat aacggcacga gaacgacttc gtagagcggg 44820
ttctgaacga taacgatgac aaagccggcg aacatcatga ataaccctgce caatgtcagt 44880

ggcaccccaa gaaacaatgce gggccgtgtg getgcgaggt aaagggtcga ttcecttccaaa 44940
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cgatcagcca tcaactaccg ccagtgagceg tttggccgag gaagctcgcece ccaaacatga 45000
taacaatgcc gccgacgacg ccggcaacca gcccaagcga agceccgceccg aacatccagg 45060
agatcccgat agcgacaatg ccgagaacag cgagtgactg gccgaacgga ccaaggataa 45120
acgtgcatat attgttaacc attgtggcgg ggtcagtgce gccacccgca gattgegetg 45180
cggcgggtce ggatgaggaa atgctceccatg caattgcacce gcacaagctt ggggcgcage 45240
tcgatatcac gecgcatcatce gcattcgaga gcgagaggcg atttagatgt aaacggtatc 45300
tctcaaagca tcgcatcaat gcgcacctcece ttagtataag tcgaataaga cttgattgte 45360
gtctgcggat ttgeccegttgt cctggtgtgg cggtggcgga gcgattaaac cgccagcecgece 45420
atcctectge gagcggcgcet gatatgacce ccaaacatce cacgtcectcett cggattttag 45480
cgectegtga tegtettttyg gaggctecgat taacgcggge accagcgatt gagcagctgt 45540
ttcaactttt cgcacgtagc cgtttgcaaa accgccgatg aaattaccgg tgttgtaage 45600
ggagatcgcec cgacgaagcg caaattgctt ctcgtcaatc gtttcecgeccge ctgcataacg 45660
acttttcagce atgtttgcag cggcagataa tgatgtgcac gcctggagcg caccgtcagg 45720
tgtcagaccg agcatagaaa aatttcgaga gtttatttgce atgaggccaa catccagcga 45780
atgccgtgca tcgagacggt gectgacgac ttgggttget tggctgtgat cttgccagtg 45840
aagcgttteg ccggtcegtgt tgtcatgaat cgctaaagga tcaaagcgac tctccacctt 45900
agctatcgecce gcaagcgtag atgtcgcaac tgatggggca cacttgcgag caacatggtce 45960
aaactcagca gatgagagtg gcgtggcaag gctcgacgaa cagaaggaga ccatcaaggce 46020
aagagaaagc gaccccgatce tcecttaagcat accttatcte cttagectcecge aactaacacc 46080
gccteteeceg ttggaagaag tgcgttgttt tatgttgaag attatcggga gggtcggtta 46140
ctcgaaaatt ttcaattgct tetttatgat ttcaattgaa gcgagaaacc tcgccecggeg 46200
tcttggaacg caacatggac cgagaaccgc gcatccatga ctaagcaacc ggatcgacct 46260
attcaggccg cagttggtca ggtcaggctc agaacgaaaa tgctcggcga ggttacgctg 46320
tctgtaaacc cattcgatga acgggaagct tccttcecgat tgctecttgge aggaatattg 46380
gcccatgect gettgegett tgcaaatget cttatcgegt tggtatcata tgcecttgtece 46440
gccagcagaa acgcactcta agcgattatt tgtaaaaatg tttcggtcat gcggcggtca 46500
tgggcttgac ccgctgtcag cgcaagacgg atcggtcaac cgtcggcatc gacaacagcg 46560
tgaatcttgg tggtcaaacc gccacgggaa cgtcccatac agccatcgtce ttgatcccge 46620
tgttteceegt cgccgcatgt tggtggacgce ggacacagga actgtcaatc atgacgacat 46680
tctatcgaaa geccttggaaa tcacactcag aatatgatcce cagacgtctg cctcacgcca 46740
tcgtacaaag cgattgtagce aggttgtaca ggaaccgtat cgatcaggaa cgtctgccca 46800
gggcgggcecec gtccggaage gccacaagat gacattgatc acccgcgtca acgcegcggca 46860
cgcgacgcgg cttatttggg aacaaaggac tgaacaacag tccattcgaa atcggtgaca 46920
tcaaagcggg gacgggttat cagtggcctc caagtcaagce ctcaatgaat caaaatcaga 46980
ccgatttgca aacctgattt atgagtgtgc ggcctaaatg atgaaatcgt ccttctagat 47040
cgecteegtyg gtgtagcaac acctcegcagt atcgceccgtge tgaccttgge cagggaattg 47100
actggcaagg gtgctttcac atgaccgctce ttttggccge gatagatgat ttcegttgectg 47160

ctttgggcac gtagaaggag agaagtcata tcggagaaat tcctecctgge gecgagagcect 47220
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gctctatege gacggcatce cactgtcecggg aacagaccgg atcattcacg aggcgaaagt 47280
cgtcaacaca tgcgttatag gcatcttccee ttgaaggatg atcttgttge tgccaatctg 47340
gaggtgcggce agccgcaggce agatgcgatc tcagcgcaac ttgcggcaaa acatctcact 47400
cacctgaaaa ccactagcga gtctcgcgat cagacgaagg ccttttactt aacgacacaa 47460
tatccgatgt ctgcatcaca ggcgtcegcta tcccagtcaa tactaaagcg gtgcaggaac 47520
taaagattac tgatgactta ggcgtgccac gaggcctgag acgacgcgcg tagacagttt 47580
tttgaaatca ttatcaaagt gatggcctcce gctgaagect atcacctctg cgccggtctg 47640
tcggagagat gggcaagcat tattacggtc ttcgcgecccg tacatgcatt ggacgattge 47700
agggtcaatg gatctgagat catccagagg attgccgceccce ttaccttcecg tttcgagttg 47760
gagccagcecec ctaaatgaga cgacatagtc gacttgatgt gacaatgcca agagagagat 47820
ttgcttaacc cgattttttt gctcaagegt aagectattg aagcttgccg gcatgacgte 47880
cgcgccgaaa gaatatccta caagtaaaac attctgcaca ccgaaatgct tggtgtagac 47940
atcgattatg tgaccaagat ccttagcagt ttcgcttggg gaccgctceccg accagaaata 48000
ccgaagtgaa ctgacgccaa tgacaggaat cccttcegte tgcagatagg taccatcgat 48060
agatctgctg cctcegegegt tteggtgatg acggtgaaaa cctcectgacac atgcagctcecce 48120
cggagacggt cacagcttgt ctgtaagcgg atgccgggag cagacaagcc cgtcagggceg 48180
cgtcageggg tgttggcggg tgtcggggceg cagccatgac ccagtcacgt agcgatageg 48240
gagtgtatac tggcttaact atgcggcatc agagcagatt gtactgagag tgcaccatat 48300
gcggtgtgaa ataccgcaca gatgcgtaag gagaaaatac cgcatcaggc gctcecttceccecge 48360
ttectegete actgactege tgcgeteggt cgttcecggetg cggcgagcegg tatcagctca 48420
ctcaaaggcg gtaatacggt tatccacaga atcaggggat aacgcaggaa agaacatgtg 48480
agcaaaaggc cagcaaaagg ccaggaaccg taaaaaggcce gcgttgctgg cgtttttcca 48540
taggctceccge ccccectgacyg agcatcacaa aaatcgacgce tcaagtcaga ggtggcgaaa 48600
cccgacagga ctataaagat accaggcgtt tccceccctgga agcetceccecteg tgcgetctee 48660
tgttcecgace ctgccgctta ccggatacct gtcecgecttt ctececttegg gaagegtgge 48720
gctttcecteat agectcacgct gtaggtatct cagtteggtg taggtcecgttce gctcecaaget 48780
gggctgtgtyg cacgaaccce ccgttcagec cgaccgctge gecttatccg gtaactatcg 48840
tcttgagtce aacccggtaa gacacgactt atcgccactg gcagcagcca ctggtaacag 48900
gattagcaga gcgaggtatg taggcggtgc tacagagttc ttgaagtggt ggcctaacta 48960
cggctacact agaaggacag tatttggtat ctgcgctcectg ctgaagccag ttaccttcgg 49020
aaaaagagtt ggtagctctt gatccggcaa acaaaccacc gctggtagceg gtggtttttt 49080
tgtttgcaag cagcagatta cgcgcagaaa aaaaggatct caagaagatc ctttgatctt 49140
ttctacgggg tctgacgctce agtggaacga aaactcacgt taagggattt tggtcatgag 49200
attatcaaaa aggatcttca cctagatcct tttaaattaa aaatgaagtt ttaaatcaat 49260
ctaaagtata tatgagtaaa cttggtctga cagttaccaa tgcttaatca gtgaggcacc 49320
tatctcagcg atctgtctat ttcecgttcatce catagttgece tgactccceccg tecgtgtagat 49380
aactacgata cgggagggct taccatctgg ccccagtgct gcaatgatac cgcgagaccce 49440

acgctcaccg gctccagatt tatcagcaat aaaccagcca gccggaaggg ccgagegcag 49500
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aagtggtcct gcaactttat
agtaagtagt tcgccagtta
g9999999gg ttccattgtt
caaaaagctce gctttcagea
aacattaagt tatgacgaag
gcgaaaacce gcgaggtcege
gataatgatt atcatctaca
atcaattatyg acgcaggtat
tcagacaata caaatcagcg
ccectgecagy categtggtyg
cccaacgate aaggcgagtt
teggtectee gategttgte
cagcactgca taattctett
agtactcaac caagtcattc
cgtcaacacyg ggataatacc
aacgttctte ggggcgaaaa
aacccactcg tgcacccaac
gagcaaaaac aggaaggcaa
gaatactcat actcttecett
tgagcggata catatttgaa
ttcccegaaa agtgccacct
aaaataggcyg tatcacgagg
tcggatattt tegtggagtt
gegecagate atcctgtgac
aagagcgaca agcagatcac
gegetgeget acgtecegega
ctagccgace cagacgagec
cgacgtttgyg gtggttgaac
gaaccctgtyg gttggcatge
ttaaatatcc gttattctaa
<210> SEQ ID NO 4

<211> LENGTH: 1603
<212> TYPE: DNA

cecgectecat
atagtttgeg
cattccacgyg
cetgtegttt
aagaacggaa
cgececcegtac
tatcacaacg
cgtattaatt
acactgaata
tcacgctegt
acatgatccc
agaagtaagt
actgtcatge
tgagaatagt
gegecacata
ctctcaagga
tgatcttcag
aatgccgcaa
tttcaatatt
tgtatttaga
gacgtctaag
cectttegte
ccegecacag
ggaactttgg
gettttegac
cegegttgag
aagggatctt
agaagtcatt
acatacaaat

taaacgctct

ccagtctatt

caacgttgtt

acaaaaacag

cctttetttt

acgccttaaa

tgtcggatca

tgcgtggagg

gatctgcatce

cggggcaacc

cgtttggtat

ccatgttgtyg

tggccgcagt

catccgtaag

gtatgeggeg

gcagaacttt

tcttaccget

catcttttac

aaaagggaat

attgaagcat

aaaataaaca

aaaccattat

ttcaagaatt

acccggattyg

cgcegtgatga

agcgteggat

ggatcaagce

tttggaatge

atcgtacgga

ggacgaacgg

tttctettag

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION:

<400> SEQUENCE: 4

aattgttgce gggaagctag

gccattgetg cagggggggg

agaaaggaaa cgacagaggc

cagagggtat tttaaataaa

ccggaaaatt ttcataaata

ccggaaagga cccgtaaagt

ccatcaaacc acgtcaaata

aacttaacgt aaaaacaact

tcatgtcecce cceccccccee

ggcttecatte agetceggtt

caaaaaagcg gttagctect

gttatcactc atggttatgg

atgcttttet gtgactggtyg

accgagttge tcttgecegyg

aaaagtgctce atcattggaa

gttgagatce agttcgatgt

tttcaccage gtttetgggt

aagggcgaca cggaaatgtt

ttatcagggt tattgtctca

aataggggtt ccgcgcacat

tatcatgaca ttaacctata

ggtegacgat cttgetgegt

aaggcgagat ccagcaactce

ctggccagga cgteggecga

ttgcgatcga ggattttteg

acagcagccce actcgacctt

tgctcegteyg tcaggettte

atgccaagca ctcccgaggyg

ataaaccttt tcacgcectt

see Table 1 of specification

tagcagacge ggaaccagece gggctecegg cagtggeagg aggagecegg ggagatgttg

agccccacct cgaagaccac cctcettecac agetecatet cgeectcegaa cgaccggete

cgcatcagge gecgcatgtt gacccageag aagagcecceg cgttgetete caggcacteg

49560

49620

49680

49740

49800

49860

49920

49980

50040

50100

50160

50220

50280

50340

50400

50460

50520

50580

50640

50700

50760

50820

50880

50940

51000

51060

51120

51180

51240

51280

60

120

180
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atgcccacgg ccgccaggcece ctecgecage tgetegegee getcecectgat ccegecgegtyg 240
ttctecgega tgtaccteceg cgtgaagtee ctgtegecca ggagcgacge caggaggtge 300
tgegtetggg acgacaccag gccgaagetce gacatcttgg tggecgcegga gaccacgecg 360
gegttggacyg agtagatgge gcccacgegg aaccceggga ggcccaggtce cttggacagyg 420
ctgtacacca cgtgcacgcg gtccgacage ggcccaacge cgacgacgece gtcegteegtg 480
geggegegeyg cggecaccac ctgcagtcega cgtgcaaagg tecgecttgt ttetectetg 540
tctecttgate tgactaatcect tggtttatga ttegttgagt aattttgggg aaagcttegt 600
ccacagtttt ttttecgatga acagtgecge agtggegetyg atcttgtatg ctatcctgea 660
atcgtggtga acttatttcet tttatatcct ttactcccat gaaaaggcta gtaatcttte 720
tcgatgtaac atcgtccage actgctatta cegtgtggte catccgacag tctggcetgaa 780
cacatcatac gatctatgga gcaaaaatct atcttccctyg ttetttaatg aaggacgtca 840
ttttcattag tatgatctag gaatgttgca acttgcaagg aggcgtttct ttcectttgaat 900
ttaactaact cgttgagtgg ccctgtttet cggacgtaag gectttgetyg ctccacacat 960

gtccattcga attttaccgt gtttagcaag ggcgaaaagt ttgcatcttg atgatttage 1020
ttgactatgc gattgctttce ctggacccgt gcagctggat ceccggtacgce gecgcecacgg 1080
acgacggcgt cgtcggcegtt gggccgetgt cggaccgegt gcacgtggtg tacagcectgt 1140
ccaaggacct gggectecceg gggttecgeg tgggegecat ctactcegtece aacgecggeg 1200
tggtctecge ggccaccaag atgtcgagct tcggectggt gtcecgtecccag acgcagcacce 1260
tcetggegte getectggge gacagggact tcacgceggag gtacatcgeyg gagaacacgce 1320
ggcggatcayg ggagcggcge gagcagetgg cggagggect ggeggecgtg ggcatcgagt 1380
gcctggagag caacgcgggg ctettetget gggtcaacat geggegectg atgceggagec 1440
ggtcgttega gggcgagatg gagetgtgga agagggtggt cttcgaggtg gggctcaaca 1500
tcteececeggg ctectectge cactgecggg ageeccggcetg gttcecgegte tgctaaaggg 1560
cgaattccag cacactggcg gecgttacta gtggatccga get 1603
<210> SEQ ID NO 5

<211> LENGTH: 3657

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: see Table 1 of specification

<400> SEQUENCE: 5

gtgcagegtyg accecggtegt gcecectetet agagataatg agcattgcat gtctaagtta 60
taaaaaatta ccacatattt tttttgtcac acttgtttga agtgcagttt atctatcttt 120
atacatatat ttaaacttta ctctacgaat aatataatct atagtactac aataatatca 180
gtgttttaga gaatcatata aatgaacagt tagacatggt ctaaaggaca attgagtatt 240
ttgacaacag gactctacag ttttatcttt ttagtgtgca tgtgttctce tttttttttg 300
caaatagctt cacctatata atacttcatc cattttatta gtacatccat ttagggttta 360
gggttaatgg tttttataga ctaatttttt tagtacatct attttattct attttagect 420
ctaaattaag aaaactaaaa ctctatttta gtttttttat ttaataattt agatataaaa 480

tagaataaaa taaagtgact aaaaattaaa caaataccct ttaagaaatt aaaaaaacta 540
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aggaaacatt tttettgttt cgagtagata atgccagect gttaaacgcece gtcgacgagt 600
ctaacggaca ccaaccagcg aaccagcagce gtegegtegyg gccaagcgaa gcagacggca 660
cggcatctet gtcegetgect ctggaccect ctegagagtt cegetccace gttggacttg 720
cteegetgte ggcatccaga aattgegtgg cggagceggea gacgtgagece ggcacggcag 780
geggectect cctectetca cggcaccgge agctacgggg gattcecttte ccaccgetece 840
ttegetttee cttectegee cgccgtaata aatagacacce ccectecacac cctcetttece 900
caacctcegtg ttgttecggag cgcacacaca cacaaccaga tctecccccaa atccacccegt 960
cggcacctcece gettcaaggt acgccgctceg tcecteccccece ceccectete taccttetet 1020

agatcggcgt tccggtccat gcatggttag ggcccggtag ttctacttet gttcatgttt 1080
gtgttagatc cgtgtttgtg ttagatccgt gectgctageg ttegtacacg gatgcgacct 1140
gtacgtcaga cacgttctga ttgctaactt gccagtgttt ctectttgggg aatcctggga 1200
tggctctage cgttccgcag acgggatcga tttcatgatt ttttttgttt cgttgcatag 1260
ggtttggttt gceccttttcee tttatttcaa tatatgccgt gcacttgttt gtcecgggtceat 1320
cttttcatge ttttttttgt cttggttgtg atgatgtggt ctggttgggce ggtcgttcta 1380
gatcggagta gaattctgtt tcaaactacc tggtggattt attaattttg gatctgtatg 1440
tgtgtgccat acatattcat agttacgaat tgaagatgat ggatggaaat atcgatctag 1500
gataggtata catgttgatg cgggttttac tgatgcatat acagagatgc tttttgttcg 1560
cttggttgtg atgatgtggt gtggttgggc ggtcgttcat tecgttctaga tceggagtaga 1620
atactgtttc aaactacctg gtgtatttat taattttgga actgtatgtg tgtgtcatac 1680
atcttcatag ttacgagttt aagatggatg gaaatatcga tctaggatag gtatacatgt 1740
tgatgtgggt tttactgatg catatacatg atggcatatg cagcatctat tcatatgctc 1800
taaccttgag tacctatcta ttataataaa caagtatgtt ttataattat tttgatcttg 1860
atatacttgg atgatggcat atgcagcagc tatatgtgga tttttttage cctgecttca 1920
tacgctattt atttgcttgg tactgtttct tttgtcgatg ctcaccctgt tgtttggtgt 1980
tacttctgca ggtcgacttt aacttagcct aggatccact agtaacggcce gccagtgtgce 2040
tggaattcge cctttagcag acgcggaacce agecgggcete ceggcagtgyg caggaggage 2100
ccggggagat gttgagcccce acctcgaaga ccaccctett ccacagctcee atctegecect 2160
cgaacgaccg gctecgeatce aggcgecgea tgttgaccca gcagaagage cccgegttge 2220
tctecaggea ctcegatgece acggecgeca ggeccteege cagetgeteg cgecgetcece 2280
tgatccgeecg cgtgttctee gegatgtace tceccgegtgaa gtceccectgteg cceccaggagceyg 2340
acgccaggag gtgctgegte tgggacgaca ccaggccgaa gctcegacatce ttggtggecg 2400
cggagaccac gccggegttyg gacgagtaga tggegceccac geggaacccece gggaggcecca 2460
ggtecttgga caggctgtac accacgtgca cgcggtecga cagcggecca acgcecgacga 2520
cgeegtegte cgtggeggeg cgcgeggeca ccacctgeag tcegacgtgca aaggtccgece 2580
ttgtttetece tectgtctett gatctgacta atcttggttt atgattcgtt gagtaatttt 2640
ggggaaagct tcgtccacag tttttttteg atgaacagtg ccgcagtggce gctgatcecttyg 2700
tatgctatcc tgcaatcgtg gtgaacttat ttcttttata tecctttactce ccatgaaaag 2760

gctagtaate tttctcgatg taacatcgtce cagcactget attaccgtgt ggtceccatcecg 2820
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acagtctggce tgaacacatc atacgatcta tggagcaaaa atctatcttce cctgttettt 2880
aatgaaggac gtcattttca ttagtatgat ctaggaatgt tgcaacttgc aaggaggcgt 2940
ttectttettt gaatttaact aactcgttga gtggccctgt ttctcecggacg taaggcecttt 3000
gctgcectecac acatgtccat tcgaatttta ccgtgtttag caagggcgaa aagtttgcat 3060
cttgatgatt tagcttgact atgcgattgc tttectggac ccgtgcaget ggatccecggt 3120
acgcgecgee acggacgacg gegtcegtegg cgttgggecyg ctgteggace gegtgcacgt 3180
ggtgtacagc ctgtccaagg acctgggect cccggggtte cgegtgggceg ccatctactce 3240
gtccaacgec ggcgtggtcet ccgeggecac caagatgteg agettceggece tggtgtegte 3300
ccagacgcag cacctectgg cgtcegetect gggcegacagyg gacttcacge ggaggtacat 3360
cgeggagaac acgceggegga tcagggageg gegegageag ctggeggagyg gcectggegge 3420
cgtgggcatc gagtgcctgg agagcaacgc ggggctcette tgctgggtca acatgcggceg 3480
cctgatgegg agceccggtegt tegagggcga gatggagcetg tggaagaggg tggtcttega 3540
ggtggggcte aacatctcce cgggctecte ctgccactge cgggagcccg gctggttecy 3600
cgtctgctaa agggcgaatt ccagcacact ggcggcegtt actagtggat ccgagcet 3657
<210> SEQ ID NO 6

<211> LENGTH: 6772

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: See Table 1 of specification

<400> SEQUENCE: 6

gtgcagegtyg accecggtegt gcecectetet agagataatg agcattgcat gtctaagtta 60
taaaaaatta ccacatattt tttttgtcac acttgtttga agtgcagttt atctatcttt 120
atacatatat ttaaacttta ctctacgaat aatataatct atagtactac aataatatca 180
gtgttttaga gaatcatata aatgaacagt tagacatggt ctaaaggaca attgagtatt 240
ttgacaacag gactctacag ttttatcttt ttagtgtgca tgtgttctce tttttttttg 300
caaatagctt cacctatata atacttcatc cattttatta gtacatccat ttagggttta 360
gggttaatgg tttttataga ctaatttttt tagtacatct attttattct attttagect 420
ctaaattaag aaaactaaaa ctctatttta gtttttttat ttaataattt agatataaaa 480
tagaataaaa taaagtgact aaaaattaaa caaataccct ttaagaaatt aaaaaaacta 540
aggaaacatt tttettgttt cgagtagata atgccagect gttaaacgcece gtcgacgagt 600
ctaacggaca ccaaccagcg aaccagcagce gtegegtegyg gccaagcgaa gcagacggca 660
cggcatctet gtcegetgect ctggaccect ctegagagtt cegetccace gttggacttg 720
cteegetgte ggcatccaga aattgegtgg cggagceggea gacgtgagece ggcacggcag 780
geggectect cctectetca cggcaccgge agctacgggg gattcecttte ccaccgetece 840
ttegetttee cttectegee cgccgtaata aatagacacce ccectecacac cctcetttece 900
caacctcegtg ttgttecggag cgcacacaca cacaaccaga tctecccccaa atccacccegt 960
cggcacctcece gettcaaggt acgccgctceg tcecteccccece ceccectete taccttetet 1020

agatcggcgt tccggtccat gcatggttag ggcccggtag ttctacttet gttcatgttt 1080

gtgttagatc cgtgtttgtg ttagatccgt gectgctageg ttegtacacg gatgcgacct 1140
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gtacgtcaga cacgttctga ttgctaactt gccagtgttt ctectttgggg aatcctggga 1200
tggctctage cgttccgcag acgggatcga tttcatgatt ttttttgttt cgttgcatag 1260
ggtttggttt gceccttttcee tttatttcaa tatatgccgt gcacttgttt gtcecgggtceat 1320
cttttcatge ttttttttgt cttggttgtg atgatgtggt ctggttgggce ggtcgttcta 1380
gatcggagta gaattctgtt tcaaactacc tggtggattt attaattttg gatctgtatg 1440
tgtgtgccat acatattcat agttacgaat tgaagatgat ggatggaaat atcgatctag 1500
gataggtata catgttgatg cgggttttac tgatgcatat acagagatgc tttttgttcg 1560
cttggttgtg atgatgtggt gtggttgggc ggtcgttcat tecgttctaga tceggagtaga 1620
atactgtttc aaactacctg gtgtatttat taattttgga actgtatgtg tgtgtcatac 1680
atcttcatag ttacgagttt aagatggatg gaaatatcga tctaggatag gtatacatgt 1740
tgatgtgggt tttactgatg catatacatg atggcatatg cagcatctat tcatatgctc 1800
taaccttgag tacctatcta ttataataaa caagtatgtt ttataattat tttgatcttg 1860
atatacttgg atgatggcat atgcagcagc tatatgtgga tttttttage cctgecttca 1920
tacgctattt atttgcttgg tactgtttct tttgtcgatg ctcaccctgt tgtttggtgt 1980
tacttctgca ggtcgacttt aacttagcct aggatccact agtaacggcce gccagtgtgce 2040
tggaattcge cctttagcag acgcggaacce agecgggcete ceggcagtgyg caggaggage 2100
ccggggagat gttgagcccce acctcgaaga ccaccctett ccacagctcee atctegecect 2160
cgaacgaccg gctecgeatce aggcgecgea tgttgaccca gcagaagage cccgegttge 2220
tctecaggea ctcegatgece acggecgeca ggeccteege cagetgeteg cgecgetcece 2280
tgatccgeecg cgtgttctee gegatgtace tceccgegtgaa gtceccectgteg cceccaggagceyg 2340
acgccaggag gtgctgegte tgggacgaca ccaggccgaa gctcegacatce ttggtggecg 2400
cggagaccac gccggegttyg gacgagtaga tggegceccac geggaacccece gggaggcecca 2460
ggtecttgga caggctgtac accacgtgca cgcggtecga cagcggecca acgcecgacga 2520
cgeegtegte cgtggeggeg cgcgeggeca ccacctgeag tcegacgtgca aaggtccgece 2580
ttgtttetece tectgtctett gatctgacta atcttggttt atgattcgtt gagtaatttt 2640
ggggaaagct tcgtccacag tttttttteg atgaacagtg ccgcagtggce gctgatcecttyg 2700
tatgctatcc tgcaatcgtg gtgaacttat ttcttttata tecctttactce ccatgaaaag 2760
gctagtaate tttctcgatg taacatcgtce cagcactget attaccgtgt ggtceccatcecg 2820
acagtctggce tgaacacatc atacgatcta tggagcaaaa atctatcttce cctgttettt 2880
aatgaaggac gtcattttca ttagtatgat ctaggaatgt tgcaacttgc aaggaggcgt 2940
ttectttettt gaatttaact aactcgttga gtggccctgt ttctcecggacg taaggcecttt 3000
gctgcectecac acatgtccat tcgaatttta ccgtgtttag caagggcgaa aagtttgcat 3060
cttgatgatt tagcttgact atgcgattgc tttectggac ccgtgcaget ggatccecggt 3120
acgcgecgee acggacgacg gegtcegtegg cgttgggecyg ctgteggace gegtgcacgt 3180
ggtgtacagc ctgtccaagg acctgggect cccggggtte cgegtgggceg ccatctactce 3240
gtccaacgec ggcgtggtcet ccgeggecac caagatgteg agettceggece tggtgtegte 3300
ccagacgcag cacctectgg cgtcegetect gggcegacagyg gacttcacge ggaggtacat 3360

cgcggagaac acgcggegga tcagggageg gegegageag ctggeggagg gectggegge 3420
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cgtgggcatc gagtgcctgg agagcaacgc ggggctcette tgctgggtca acatgcggceg 3480
cctgatgegg agceccggtegt tegagggcga gatggagcetg tggaagaggg tggtcttega 3540
ggtggggcte aacatctcce cgggctecte ctgccactge cgggagcccg gctggttecy 3600
cgtctgctaa agggcgaatt ccagcacact ggcggcegtt actagtggat ccgagctcega 3660
attccggtece gggtcacceg gteccgggect agaaggcecga tctceccecggge acccagettt 3720
cttgtacaaa gtggtgatat cggaccgatt aaactttaat tcggtccgat gcatgtatac 3780
gaagttccta ttccgaagtt cctattctac atagagtata ggaacttcac ctggtggcgce 3840
cgctagtgga tccceccggge tgcagtgcag cgtgaccegg tegtgeccccet ctectagagat 3900
aatgagcatt gcatgtctaa gttataaaaa attaccacat attttttttg tcacacttgt 3960
ttgaagtgca gtttatctat ctttatacat atatttaaac tttactctac gaataatata 4020
atctatagta ctacaataat atcagtgttt tagagaatca tataaatgaa cagttagaca 4080
tggtctaaag gacaattgag tattttgaca acaggactct acagttttat ctttttagtg 4140
tgcatgtgtt ctcctttttt tttgcaaata gcttcaccta tataatactt catccatttt 4200
attagtacat ccatttaggg tttagggtta atggttttta tagactaatt tttttagtac 4260
atctatttta ttctatttta gcctctaaat taagaaaact aaaactctat tttagttttt 4320
ttatttaata atttagatat aaaatagaat aaaataaagt gactaaaaat taaacaaata 4380
ccetttaaga aattaaaaaa actaaggaaa catttttett gtttcgagta gataatgceca 4440
gectgttaaa cgecgtcegac gagtctaacg gacaccaacc agcgaaccag cagegtcgeg 4500
tcgggccaag cgaagcagac ggcacggcat ctectgteget gectcectggac cectctegag 4560
agttccgetce caccgttgga cttgcteccge tgteggcatce cagaaattgce gtggcggagce 4620
ggcagacgtyg agccggcacg gcaggeggcece tectectect cteacggcac cggcagctac 4680
gggggattce tttcecccaccg ctectteget ttcececttect cgcccgecgt aataaataga 4740
cacccectece acaccctett tecccaacct cgtgttgtte ggagcgcaca cacacacaac 4800
cagatctccce ccaaatccac ccgtcecggcac cteecgcttca aggtacgceg ctegtectcece 4860
ccececececcee tetctacctt ctectagatcecg gegtteceggt ccatgcatgg ttagggeccecg 4920
gtagttctac ttctgttcat gtttgtgtta gatccgtgtt tgtgttagat ccgtgctget 4980
agcgttegta cacggatgceg acctgtacgt cagacacgtt ctgattgcta acttgccagt 5040
gtttctecttt ggggaatcct gggatggctce tagccgttec gcagacggga tcgatttceat 5100
gatttttttt gtttcecgttge atagggtttg gtttgccctt ttecctttatt tcaatatatg 5160
ccgtgcactt gtttgtcggg tcatctttte atgetttttt ttgtecttggt tgtgatgatg 5220
tggtctggtt gggcggtegt tcetagatcgg agtagaattc tgtttcaaac tacctggtgg 5280
atttattaat tttggatctg tatgtgtgtg ccatacatat tcatagttac gaattgaaga 5340
tgatggatgg aaatatcgat ctaggatagg tatacatgtt gatgcgggtt ttactgatgc 5400
atatacagag atgctttttg ttcgcttggt tgtgatgatg tggtgtggtt gggcggtegt 5460
tcattcgttc tagatcggag tagaatactg tttcaaacta cctggtgtat ttattaattt 5520
tggaactgta tgtgtgtgtc atacatcttc atagttacga gtttaagatg gatggaaata 5580
tcgatctagg ataggtatac atgttgatgt gggttttact gatgcatata catgatggca 5640

tatgcagcat ctattcatat gctctaacct tgagtaccta tctattataa taaacaagta 5700
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tgttttataa ttattttgat cttgatatac ttggatgatg gcatatgcag cagctatatg 5760
tggatttttt tagccctgcecc ttcatacgct atttatttge ttggtactgt ttettttgte 5820
gatgctcacc ctgttgtttg gtgttacttc tgcaggtcga ctttaactta gcctaggatce 5880
cacacgacac catgtcccce gagcgecgece cegtcgagat cegeccggece accgecgecyg 5940
acatggccgce cgtgtgcgac atcgtgaacc actacatcga gacctccacc gtgaacttcce 6000
gcaccgagee gcagacccceg caggagtgga tcgacgacct ggagcegectce caggaccget 6060
accegtgget cgtggecgag gtggagggeg tggtggecgyg catcgectac gcecggeccegt 6120
ggaaggcceeyg caacgcectac gactggaccg tggagtccac cgtgtacgtg teccaccgece 6180
accagcgect cggectegge tccaccctet acacccacct cctcaagage atggaggcecce 6240
agggcttcaa gtcegtggtyg gecgtgatcg gcecctcecccgaa cgaccegtee gtgegectcece 6300
acgaggccct cggctacacce gecccgeggea cectecegege cgecggctac aagcacggceg 6360
gectggcacga cgteggette tggcagegeg acttcgaget gecggecceg cegegeccegyg 6420
tgcgeceeggt gacgcagatce tgagtcgaaa cctagacttg tccatcttet ggattggeca 6480
acttaattaa tgtatgaaat aaaaggatgc acacatagtg acatgctaat cactataatg 6540
tgggcatcaa agttgtgtgt tatgtgtaat tactagttat ctgaataaaa gagaaagaga 6600
tcatccatat ttcttatcct aaatgaatgt cacgtgtcett tataattctt tgatgaacca 6660
gatgcatttc attaaccaaa tccatataca tataaatatt aatcatatat aattaatatc 6720
aattgggtta gcaaaacaaa tctagtctag gtgtgttttg cgaattgcgg cc 6772
<210> SEQ ID NO 7

<211> LENGTH: 8350

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: See Table 1 of specification

<400> SEQUENCE: 7

gtttaccege caatatatce tgtcaaacac tgatagttta aactgaaggc gggaaacgac 60
aatctgatca tgagcggaga attaagggag tcacgttatg acccccgecyg atgacgeggg 120
acaagccgtt ttacgtttgg aactgacaga accgcaacgt tgaaggagcec actcagcaag 180
ctggtacgat tgtaatacga ctcactatag ggcgaattga gegetgttta aacgetctte 240
aactggaaga gcggttacta ccggctggat ggeggggect tgatcgtgea ccgecggegt 300
ccggataagt gactagggtc acgtgaccct agtcacttat cgagctagtt accctatgag 360
gtgacatgaa gcgctcacgg ttactatgac ggttagette acgactgttg gtggcagtag 420
cgtacgactt agctatagtt ccggtagatc tgaagttcect attccgaagt tcctattett 480
caaaaggtat aggaacttcc tcgaattgtt gtggtggggt atagaggttt gatataggtg 540
gaactgctgt agagcgtgga gatatagggg gaaagagaac gctgatgtga caagtgagtg 600
agatataggg ggagaaattt agggggaacg ccgaacacag tctaaagaag cttgggacce 660
aaagcactct gttcgggggt tttttttttt gtectttcaac tttttgctgt aatgttattce 720
aaaataagaa aagcacttgg catggctaag aaatagagtt caacaactga acagtacagt 780
gtattatcaa tggcataaaa aacaaccctt acagcattgce cgtattttat tgatcaaaca 840

ttcaactcaa cactgacgag tggtctteca ccgatcaacg gactaatget getttgtcag 900
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atcaccggtt aagtgactag ggtcacgtga ccctagtcac ttaggttacce agagetggte 960
acctttgtce accaagatgg aactgcggcce gctcattaat taagtcaggce gegectctag 1020
ttgaagacac gttcatgtct tcatcgtaag aagacactca gtagtcttcg gcecagaatgg 1080
ccatctggat tcagcaggcc tagaaggcca tttaaatcct gaggatctgg tettectaag 1140
gacccgggat atcacaagtt tgtacaaaaa agcaggctcce ggccagagtt acccggaccy 1200
aagcttgcat gectgcagtyg cagcgtgacce cggtcecgtgece cctctctaga gataatgagce 1260
attgcatgtc taagttataa aaaattacca catatttttt ttgtcacact tgtttgaagt 1320
gcagtttatc tatctttata catatattta aactttactc tacgaataat ataatctata 1380
gtactacaat aatatcagtg ttttagagaa tcatataaat gaacagttag acatggtcta 1440
aaggacaatt gagtattttg acaacaggac tctacagttt tatcttttta gtgtgcatgt 1500
gttctceccttt ttttttgcaa atagcttcac ctatataata cttcatccat tttattagta 1560
catccattta gggtttaggg ttaatggttt ttatagacta atttttttag tacatctatt 1620
ttattctatt ttagcctcta aattaagaaa actaaaactc tattttagtt tttttattta 1680
ataatttaga tataaaatag aataaaataa agtgactaaa aattaaacaa atacccttta 1740
agaaattaaa aaaactaagg aaacattttt cttgtttcga gtagataatg ccagcctgtt 1800
aaacgccgte gacgagtcta acggacacca accagcgaac cagcagcegte gegtegggece 1860
aagcgaagca gacggcacgg catctcectgte gctgectetg gaccecctcecte gagagttecg 1920
ctccaccegtt ggacttgete cgectgtegge atccagaaat tgcgtggcecgg agcggcagac 1980
gtgagcegge acggcaggeg gcectectect cetcetcacgg caccggcage tacgggggat 2040
tcetttecca cegcetectte gettteectt cctegecege cgtaataaat agacacccce 2100
tccacaccct ctttecccaa cctegtgttg tteggagege acacacacac aaccagatct 2160
cceccaaate caccegtegg cacctecget tcaaggtacyg cegetegtece tcceccccce 2220
ccetetetac cttcetctaga teggegttcee ggtecatgeca tggttaggge cceggtagtte 2280
tacttctgtt catgtttgtg ttagatccgt gtttgtgtta gatccgtget gctagegtte 2340
gtacacggat gcgacctgta cgtcagacac gttctgattg ctaacttgcc agtgtttetce 2400
tttggggaat cctgggatgg ctctageccgt tccgcagacg ggatcgattt catgattttt 2460
tttgtttegt tgcatagggt ttggtttgce cttttecttt atttcaatat atgccgtgceca 2520
cttgtttgtc gggtcatctt ttcatgettt tttttgtett ggttgtgatg atgtggtcetg 2580
gttgggcggt cgttctagat cggagtagaa ttctgtttca aactacctgg tggatttatt 2640
aattttggat ctgtatgtgt gtgccataca tattcatagt tacgaattga agatgatgga 2700
tggaaatatc gatctaggat aggtatacat gttgatgcgg gttttactga tgcatataca 2760
gagatgcttt ttgttcgctt ggttgtgatg atgtggtgtg gttgggcggt cgttcattceg 2820
ttctagatcg gagtagaata ctgtttcaaa ctacctggtg tatttattaa ttttggaact 2880
gtatgtgtgt gtcatacatc ttcatagtta cgagtttaag atggatggaa atatcgatct 2940
aggataggta tacatgttga tgtgggtttt actgatgcat atacatgatg gcatatgcag 3000
catctattca tatgctctaa ccttgagtac ctatctatta taataaacaa gtatgtttta 3060
taattatttt gatcttgata tacttggatg atggcatatg cagcagctat atgtggattt 3120

ttttagcecct gecttcatac gectatttatt tgcttggtac tgtttectttt gtecgatgetce 3180
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accctgttgt ttggtgttac ttectgcaggt cgactttaac ttagcctagg atccactagt 3240
aacggccgece agtgtgetgg aattcgecct ttagcagacyg cggaaccage cgggetcccg 3300
gcagtggcayg gaggagcccg gggagatgtt gagccccacce tcgaagacca ccectetteca 3360
cagctecate tcgecctega acgaccgget cegeatcagg cgecgcatgt tgacccagea 3420
gaagagccee gegttgetet ccaggcactce gatgcccacg gecgecaggce cctecgecag 3480
ctgctegege cgcteccctga tecgecgegt gttetcecegeg atgtacctee gegtgaagtce 3540
cctgtegece aggagegacg ccaggaggtg ctgegtetgyg gacgacacca ggccgaaget 3600
cgacatcttyg gtggecgegg agaccacgece ggegttggac gagtagatgg cgcccacgceg 3660
gaaccceggyg aggeccaggt ccttggacag getgtacacce acgtgcacge ggtcecgacag 3720
cggcecaacyg ccgacgacgce cgtcegteegt ggeggegege geggccacca cctgcagteg 3780
acgtgcaaag gtccgccttg tttcectectet gtectecttgat ctgactaatce ttggtttatg 3840
attcgttgag taattttggg gaaagcttcg tccacagttt tttttcgatg aacagtgecg 3900
cagtggcgct gatcttgtat gctatcctge aatcgtggtg aacttattte ttttatatcce 3960
tttactccca tgaaaaggct agtaatcttt ctcgatgtaa catcgtccag cactgctatt 4020
accgtgtggt ccatccgaca gtctggctga acacatcata cgatctatgg agcaaaaatc 4080
tatcttecct gttctttaat gaaggacgtc attttcatta gtatgatcta ggaatgttgce 4140
aacttgcaag gaggcgtttc tttctttgaa tttaactaac tcgttgagtg gecctgttte 4200
tcggacgtaa ggcctttget gcetccacaca tgtccatteg aattttaccg tgtttagcaa 4260
gggcgaaaag tttgcatctt gatgatttag cttgactatg cgattgcttt cctggacccyg 4320
tgcagetgga tcceggtacg cgccgecacg gacgacggeg tegteggegt tgggecgetg 4380
tcggaccgeg tgcacgtggt gtacagectg tccaaggacce tgggcctceee ggggttecge 4440
gtgggcgeca tctactcgte caacgccegge gtggtcectceeg cggccaccaa gatgtcgage 4500
tteggectgg tgtcecgtceca gacgcagcac ctectggegt cgctectggg cgacagggac 4560
ttcacgcgga ggtacatcge ggagaacacg cggcggatca gggagceggeyg cgagcagcetg 4620
geggagggee tggeggcecgt gggcatcgag tgcctggaga gcaacgeggg getcettetge 4680
tgggtcaaca tgcggcgcect gatgcggage cggtcgtteg agggcgagat ggagcetgtgg 4740
aagagggtgg tcttcgaggt ggggctcaac atctcecceegg gectcectectg ccactgeegg 4800
gagceccggcet ggttceccgegt ctgctaaagg gcgaattcca gcacactggce ggccgttact 4860
agtggatccg agctcgaatt ccggtcecggg tcacccggte cgggcctaga aggccgatct 4920
ccegggcecacce cagctttett gtacaaagtg gtgatatcgg accgattaaa ctttaattceg 4980
gtccgatgca tgtatacgaa gttecctattce cgaagttcect attctacata gagtatagga 5040
acttcacctg gtggcgcege tagtggatce ccecgggetge agtgcagcegt gacccecggtceg 5100
tgccectete tagagataat gagcattgca tgtctaagtt ataaaaaatt accacatatt 5160
ttttttgtca cacttgtttg aagtgcagtt tatctatctt tatacatata tttaaacttt 5220
actctacgaa taatataatc tatagtacta caataatatc agtgttttag agaatcatat 5280
aaatgaacag ttagacatgg tctaaaggac aattgagtat tttgacaaca ggactctaca 5340
gttttatctt tttagtgtgc atgtgttctc cttttttttt gcaaatagct tcacctatat 5400

aatacttcat ccattttatt agtacatcca tttagggttt agggttaatg gtttttatag 5460



US 2011/0252505 Al

63

-continued

Oct. 13,2011

actaattttt

actctatttt

taaaaattaa

tcgagtagat

gaaccagcag

tctggaccee

aaattgegtyg

acggcaccgg

ccgecgtaat

gegcacacac

tacgcegete

tgcatggtta

gttagatccyg

attgctaact

gacgggatcg

ctttatttca

tettggttgt

ttcaaactac

tagttacgaa

gegggtttta

tgtggttggg

ggtgtattta

taagatggat

gcatatacat

attataataa

tatgcagcag

gtactgttte

taacttagcc

ceceggecaca

ctccacegtyg

gegectecag

cgectacgec

gtacgtgtce

caagagcatg

cecegtecgty

cggctacaag

ggccecegecy

atcttetgga

ttagtacatc

agttttttta

acaaataccc

aatgccagec

cgtegegteg

tctegagagt

dcggageggce

cagctacggyg

aaatagacac

acacaaccag

gtcetececee

gggcccggta

tgctgetage

tgccagtgtt

atttcatgat

atatatgceg

gatgatgtgg

ctggtggatt

ttgaagatga

ctgatgcata

cggtegttea

ttaattttgg

ggaaatatcg

gatggcatat

acaagtatgt

ctatatgtgg

ttttgtcgat

taggatccac

geegecgaca

aacttccgea

gaccgctace

ggcccgtgga

caccgccacc

gaggceccagy

cgectecacy

cacggegget

cgeceeggtyge

ttggccaact

tattttattc

tttaataatt

tttaagaaat

tgttaaacgc

ggccaagcga

tcegetecac

agacgtgage

ggattecttt

ccectecaca

atctccecca

cceecectet

gttctactte

gttegtacac

tctetttggy

ttctetegtt

tgcacttgtt

tCtggttggg

tattaatttt

tggatggaaa

tacagagatg

ttegttctag

aactgtatgt

atctaggata

gcagcatcta

tttataatta

atttttttag

gctcacecety

acgacaccat

tggccgeegt

ccgagecgea

cgtggetegt

aggcccgcaa

agcgectegyg

gettcaagte

aggccctegyg

ggcacgacgt

geceggtgac

taattaatgt

tattttagcc

tagatataaa

taaaaaaact

cgtegacgag

agcagacggc

cgttggactt

cggcacggea

cccaccgete

cecctetttec

aatccacceg

ctaccttcete

tgttcatgtt

ggatgcgace

gaatcetggyg

tcgttgcata

tgtcgggtca

cggtegttet

ggatctgtat

tatcgatcta

ctttttgtte

atcggagtag

gtgtgtcata

ggtatacatg

ttcatatget

ttttgatctt

cecctgectte

ttgtttggty

gtcececgag

gtgcgacatce

gacccegeag

ggccgaggtyg

cgcctacgac

ccteggetee

cgtggtggcee

ctacaccgec

cggettetygy

gcagatctga

atgaaataaa

tctaaattaa gaaaactaaa

atagaataaa ataaagtgac

aaggaaacat ttttcttgtt

tctaacggac accaaccagce

acggcatcte tgtegetgee

getecgetgt cggcatccag

ggeggectee tectectete

cttegettte ccttectege

ccaacctegt gttgttegga

tcggcaccte cgcttcaagyg

tagatcggeg ttccggteca

tgtgttagat ccgtgtttgt

tgtacgtcag acacgttctg

atggctctag ccgttecgea

gggtttggtt tgccctttte

tcttttcatg ctttttttty

agatcggagt agaattctgt

gtgtgtgcca tacatattca

ggataggtat acatgttgat

gettggttgt gatgatgtgg

aatactgttt caaactacct

catcttcata gttacgagtt

ttgatgtggg ttttactgat

ctaaccttga gtacctatct

gatatacttg gatgatggca

atacgctatt tatttgettg

ttacttctge aggtcgactt

cgecegeceeyg tcegagatceceg

gtgaaccact acatcgagac

gagtggatcg acgacctgga

gagggcegtgg tggecggceat

tggaccgtgg agtccaccgt

accctctaca cccacctect

gtgateggee tcccgaacga

cgeggeacce tcegegecge

cagcgegact tcgagetgec

gtcgaaacct agacttgtece

aggatgcaca catagtgaca

5520

5580

5640

5700

5760

5820

5880

5940

6000

6060

6120

6180

6240

6300

6360

6420

6480

6540

6600

6660

6720

6780

6840

6900

6960

7020

7080

7140

7200

7260

7320

7380

7440

7500

7560

7620

7680

7740
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tgctaatcac tataatgtgg gcatcaaagt tgtgtgttat gtgtaattac tagttatctg 7800
aataaaagag aaagagatca tccatatttc ttatcctaaa tgaatgtcac gtgtctttat 7860
aattctttga tgaaccagat gcatttcatt aaccaaatcc atatacatat aaatattaat 7920
catatataat taatatcaat tgggttagca aaacaaatct agtctaggtg tgttttgcga 7980
attgcggeccg ctctagcgta tacgaagttc ctattccgaa gttcectatte tctagaaagt 8040
ataggaactt ctgattccga tgacttcgta ggttcecctage tcaageccget cgtgtccaag 8100
cgtcacttac gattagctaa tgattacggc atctaggacc gactagtaag tgactagggt 8160
cacgtgaccce tagtcactta tacgtagaat taattcattc cgattaatcg tggcctettg 8220
ctcttcagga tgaagagcta tgtttaaacg tgcaagcgct actagacaat tcagtacatt 8280
aaaaacgtcc gcaatgtgtt attaagttgt ctaagcgtca atttgtttac accacaatat 8340
atcctgcecac 8350
<210> SEQ ID NO 8

<211> LENGTH: 1424

<212> TYPE: DNA

<213> ORGANISM: Sorghum bicolor

<220> FEATURE:

<221> NAME/KEY: promoter

<222> LOCATION: (1)...(1424)

<223> OTHER INFORMATION: sorghum PEP carboxylase promoter

<400> SEQUENCE: 8

ggacatgtaa taaggagtta ggagatgtgg tgtggtacta aatgcaaggt caaaattcga 60
tgctttttce gtgctcaact attaactagt actcattatt acctaatttt cacttgtgat 120
gacaattaat gcatcgatcc acaattcagt aaatactttc atttaagcat atgtatagta 180
ttatacattt ccaattcttc ttttttgtgt ggagatccac gacgatgcaa gttgctccte 240
ccaacccaaa tccacctete tcttaaatce geatatctte accaccacca gctgctacac 300
atcgtattgt ccaaatctgt gtcggettga ceccagtgatyg tgcgegctag atttggcage 360
gectgaatge tgtgcagcca cctgtatggt geccttggta gagtaacaac acccttatcece 420
ctacggcage catgtatgac ccttatcect acggcageca tgtataccaa tacctttett 480
tgaaccacaa aattatagtc catatcctta accacaagtt cattttttgt ttcceggtcet 540
cctaaggaaa ttaagttctg tttccacagt ttacatggat ataggacatc tatgttccta 600
acattaacat tactggataa caggcaccct ctectccaca cectgcaaag ccttectceca 660
gegecatgea tecteegttyg ctaacagaca cctcteteca catcgegtge aagcaaacct 720
ccaaattcta ccgatcccca gaatceggece ttgactgcaa acagacacce ctctcecccat 780
cctgcaaace catcagccaa ccgaataaca caagaaggca ggtgagcagt gacaaagcac 840
gtcaacagca gcaaagccaa gccaaaaacg atccaggagce aaggtgceggce cgcagctcte 900
ceggteccct ttgeggttac cactagetaa gaatgaagat ggtactctaa atggatactt 960

gcgeggtttt tetctagtct aacttaataa actaaataaa caatttcecttt cttatttttt 1020
taatttagtt cgtttagtta gactagagaa gaaccacgag gagttatttg aagcgtcgtce 1080
cccatcecctta ccactagcta gcactagcag acacccctet ccacgtcecctg caaacaggca 1140
attagccagce ggaataacac aagcaggcaa gtgcgcagtyg acaaagtacyg tccacagcag 1200

cgatcccage caaaagcage gtagccacag ccgegegeag ctceteggeta ccecttaccege 1260



US 2011/0252505 Al

65

-continued

Oct. 13,2011

cgatcacatg catgecttte caatccegeg tgcacacgec gaccacacac tcgccaacte

cccatcecta tttgaageca ceggecggeg ccctgeattg atcaatcaac tcgcagcaga

ggagcagcac gagcaacacg ccgegecgeg ctccaaccat ctec

<210> SEQ ID NO 9
<211> LENGTH: 2765
<212> TYPE: DNA

<213> ORGANISM: Zea mays

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (1)...

(2765)

<223> OTHER INFORMATION: genomic ACS3 sequence

<220> FEATURE:

<221> NAME/KEY: 5'UTR
<222> LOCATION: (214).
<220> FEATURE:

<221> NAME/KEY: exon
<222> LOCATION: (373).
<220> FEATURE:

<221> NAME/KEY: intron

<222> LOCATION: (715)...

<220> FEATURE:
<221> NAME/KEY: exon

<222> LOCATION: (819) ...

<220> FEATURE:
<221> NAME/KEY: intron

<222> LOCATION: (980) ...

<220> FEATURE:

<221> NAME/KEY: exon
<222> LOCATION: (1107)
<220> FEATURE:

<221> NAME/KEY: 3'UTR
<222> LOCATION: (1993)
<400> SEQUENCE: 9
tagtagacta aagctcccgg
cagcggacag tctggtegtt
gacatcttgg gtggtttcac
cacacacttg gccagatcga
gtcctttgcet tgctcatcce
cgtatccatc catcttgecag
gecggcagagg cgatgggtgg
gcggtggegt cgectccect
ccctactteg ccgggtggaa
ggcggegtca ttcagatggg
tacctcaggg accacccgga
ttcagggaca acgcgctgtt
ggtgaccceg agcgectgcet
acaagtgcaa cgtactgacg
aggttagggy cggcaaggee
cggcagctaa cgagctgete
ctactcctta ctatcctggg

gecacggacce ccggegetat

gacaaactga catgctctge

.. (372)

.. (714)

(818)

(979)

(1106)

... {1992)

... {(2203)

ctttcecttt

tcegtetget

acgggtatat

ccaccgeatce

tcgacctega

gecatcgtegt

caagctgttyg

gtcaaaggtyg

agcctacgac

cctegecgag

dgccgeggge

ccaggactac

ctgcetegtet

gegteatttt

cggtttgace

acgttegtec

taagcggage

gctactgtta

ttgcagtttce

attgttacta

ctggacccetyg

atacttgact

acacagcagc

gcggeggcgy

ctgcaccgeyg

ctgggcgcga

gecacttecy

gagaacccct

aaccaggtgt

tggggcggcet

cacggectea

tgtteggtgt

gettgecagge

ccgaccgeat

tggccaacce

gctaagaage

caccgcaaca

gacagagacc

ttattatatc

ccttcaatte

cgcctatata

agcctettgt

cggtcactge

cgettgtgeyg

gccagagecg

gectecacgg

acgacgcegt

ccttegacct

ceggeteegy

aggcctteag

cctggataga

gatggccaac

cgtgctcace

dggagacgcg

atccagcatg

gtgctctaca

tgcggtggag

gtttgatttg

tcegeetttt

tgccaccece

gcetectetet

actgcgtgty

tgagccaagg

ccacgegeac

cgaggactecg

ctccaaccce

cctcgagggg

cgtegecage

aaaggtgegt

cecctgectygy

ttcatggaga

geeggegeca

ctgctgatee

ctgcatgeat

cagacagaca

gacgggggtyg

1320

1380

1424

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140
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aacatcgtge cggtgcactg cgacagegece aacgggttece aggtcacgge cgccgegete 1200
caggcggegt acgaggaggce cgaggcagceg gggacgcgeyg tcecegegecegt cctgetcace 1260
aaccegteca accegetggg caccaccegtg acgeggecegyg cectegagga cgtgetcgac 1320
ttecgtggece gcaacaacat ccacctcatce tccgacgaga tatactccgg cteggtette 1380
geggegeegy acctggtcag cgtggeggag ctggtegagt cecgeggega ceccggegte 1440
gcggagcegeg tccacatcgt gtacagectg tccaaggacce tgggectceccce ggggttecge 1500
gtcggegteg tgtactcgta caacgacgcce gtggtcaceg cggcgcegecg catgtccage 1560
ttcacgcteg tgtcecgtcgca gacgcagaag acgctcgecg ccatgectcte ggacgcecggg 1620
ttegeggacyg cctacgteceg caccaaccge cagegectece gggegceggea cgaccacgte 1680
gtegeceggge tggeccgege gggegtgeceg tgectecgeyg geaacgecegg getgttegtyg 1740
tggatggaca tgaggcggct getceggegag gecaccaceg tegecggega gctecgectg 1800
tgggaccgga tgctgcggga ggcgaagctce aacatctege cgggctcecgte gtgecattgce 1860
tcggagectg getggttecag ggtgtgectte gccaacatga gectggacac getggatgtt 1920
gcactcgceta ggatgagecg cttegtagac acgtggaaca aggaaacgac agcegtcgacy 1980
cagcagcact agcagcagca gcagcatacg aagtaaattt tttggagggt aaattacgtc 2040
attggacaga ttaaatcaca gagtagttat acagggggat tcttttatgg tttttcgatt 2100
gatggtaaca tcgattttgt aacaataact atcgcctctce agatggagga gggacacata 2160
tatgtatgta tttataaaaa ttcttacttt ggcccaagca aaagcgtctce cgctacacat 2220
tcagtattat tgttttgctt cgtttttcce tcecctgagttg tggcaaacaa acacagatga 2280
cgtatgtttg ctcattcatt catatattta tatctgcctg gaagcgaacc taaattagca 2340
acaagagaga acatgtccat tccgagtact gagaataagt gcagcagaat gaatgctggt 2400
tgttggattt aaattagatg gatgttgttt gtcgtcagaa aatggagaga gagaaatcag 2460
ttagcgaatc cctttctegt tttatactge tggttttceta tacttttgaa gaaaaaaaac 2520
tgttttgctg aggtgttcga tgttgtaaat tactgattga cttcatgtga ttgcgtaaca 2580
tgttactgga cggaggttta cttctataca tgagtagtgt cataccaaac caaaaaaaaa 2640
agggaatcga aagtcttgat agcggacgtg ttgattaaag aaaaagaaac cgagttccaa 2700
atgtcaaccc ttccttaage cggtagtaag ctttgtcaac cagctaaata agggaacgca 2760
tatcc 2765
<210> SEQ ID NO 10

<211> LENGTH: 1759

<212> TYPE: DNA

<213> ORGANISM: Zea mays

<220> FEATURE:

<221> NAME/KEY: CDS

<222> LOCATION: (160)...(1548)

<223> OTHER INFORMATION: ACS3

<400> SEQUENCE: 10

cagcagcage ctettgtget cctetetgte ctttgettge tecatcecteg acctcegageg 60
geggeggegyg tcactgcact gegtgtgegt atccatccat cttgcaggea tegtegtetg 120
caccgegege ttgtgegtga gecaagggeg gcagaggeg atg ggt gge aag ctg 174

Met Gly Gly Lys Leu
1 5
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ttg ctg ggc gog age cag agce cge cac gceg cac geg gtg geg tceg cct 222
Leu Leu Gly Ala Ser Gln Ser Arg His Ala His Ala Val Ala Ser Pro
10 15 20
cce ctg tca aag gtg gee act tee gge cte cac gge gag gac tcg ccc 270
Pro Leu Ser Lys Val Ala Thr Ser Gly Leu His Gly Glu Asp Ser Pro
25 30 35
tac ttc gee ggg tgg aaa gcec tac gac gag aac ccce tac gac gce gte 318
Tyr Phe Ala Gly Trp Lys Ala Tyr Asp Glu Asn Pro Tyr Asp Ala Val
40 45 50
tce aac cce gge gge gte att cag atg ggce cte gee gag aac cag gtg 366
Ser Asn Pro Gly Gly Val Ile Gln Met Gly Leu Ala Glu Asn Gln Val
55 60 65
tce tte gac cte cte gag ggg tac cte agg gac cac ccg gag gcc gcg 414
Ser Phe Asp Leu Leu Glu Gly Tyr Leu Arg Asp His Pro Glu Ala Ala
70 75 80 85
gge tgg ggce ggce tcce gge tee gge gte gee age tte agg gac aac gcg 462
Gly Trp Gly Gly Ser Gly Ser Gly Val Ala Ser Phe Arg Asp Asn Ala
90 95 100
ctg ttc cag gac tac cac ggc ctc aag gcc tte aga aag gcg atg gec 510
Leu Phe Gln Asp Tyr His Gly Leu Lys Ala Phe Arg Lys Ala Met Ala
105 110 115
aac ttc atg gag aag gtt agg ggc ggc aag gec cgg ttt gac cce gac 558
Asn Phe Met Glu Lys Val Arg Gly Gly Lys Ala Arg Phe Asp Pro Asp
120 125 130
cge atc gtg cte acc gee gge gee acg gca get aac gag ctg cte acg 606
Arg Ile Val Leu Thr Ala Gly Ala Thr Ala Ala Asn Glu Leu Leu Thr
135 140 145
tte gte ctg gce aac ccg gga gac gcg ctg ctg atc cct act cct tac 654
Phe Val Leu Ala Asn Pro Gly Asp Ala Leu Leu Ile Pro Thr Pro Tyr
150 155 160 165
tat cct ggt tte gac aga gac ctg cgg tgg agg acg ggg gtg aac atc 702
Tyr Pro Gly Phe Asp Arg Asp Leu Arg Trp Arg Thr Gly Val Asn Ile
170 175 180
gtg ccg gtg cac tgc gac age gec aac ggg tte cag gte acg gee gee 750
Val Pro Val His Cys Asp Ser Ala Asn Gly Phe Gln Val Thr Ala Ala
185 190 195
geg cte cag geg geg tac gag gag gec gag gca gog ggg acg cge gte 798
Ala Leu Gln Ala Ala Tyr Glu Glu Ala Glu Ala Ala Gly Thr Arg Val
200 205 210
cge gee gte ctg cte acc aac ccg tee aac ceg ctg ggce acc acc gtg 846
Arg Ala Val Leu Leu Thr Asn Pro Ser Asn Pro Leu Gly Thr Thr Val
215 220 225
acg cgg ccg gee cte gag gac gtg cte gac tte gtg gcce cge aac aac 894
Thr Arg Pro Ala Leu Glu Asp Val Leu Asp Phe Val Ala Arg Asn Asn
230 235 240 245
atc cac ctc atc tce gac gag ata tac tcc gge teg gtce tte geg gcg 942
Ile His Leu Ile Ser Asp Glu Ile Tyr Ser Gly Ser Val Phe Ala Ala
250 255 260
ceg gac ctg gte age gtg geg gag ctg gte gag tee cge gge gac ccc 990
Pro Asp Leu Val Ser Val Ala Glu Leu Val Glu Ser Arg Gly Asp Pro
265 270 275
ggc gtc geg gag cgce gtc cac atc gtg tac age ctg tec aag gac ctg 1038
Gly Val Ala Glu Arg Val His Ile Val Tyr Ser Leu Ser Lys Asp Leu
280 285 290
ggc ctc ccg ggg tte cge gte gge gte gtg tac teg tac aac gac gcc 1086

Gly Leu Pro Gly Phe Arg Val Gly Val Val Tyr Ser Tyr Asn Asp Ala
295 300 305
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gtg gtc acc gcg gecg cgce c¢gce atg tece age tte acg cte gtg tecg teg 1134
Val Val Thr Ala Ala Arg Arg Met Ser Ser Phe Thr Leu Val Ser Ser
310 315 320 325
cag acg cag aag acg ctc gcc gcc atg ctce teg gac gec ggg tte geg 1182
Gln Thr Gln Lys Thr Leu Ala Ala Met Leu Ser Asp Ala Gly Phe Ala

330 335 340
gac gcc tac gtc cgc acc aac c¢gc cag cgc ctc ¢cgg gcg cgg cac gac 1230
Asp Ala Tyr Val Arg Thr Asn Arg Gln Arg Leu Arg Ala Arg His Asp

345 350 355
cac gtc gtc gcec ggg ctg gce cgce gcg ggc gtg ccg tge ctce cgce ggce 1278
His Val Val Ala Gly Leu Ala Arg Ala Gly Val Pro Cys Leu Arg Gly
360 365 370
aac gcc ggg ctg tte gtg tgg atg gac atg agg cgg ctg ctc ggc gag 1326
Asn Ala Gly Leu Phe Val Trp Met Asp Met Arg Arg Leu Leu Gly Glu
375 380 385

gce acc acc gtce gec ggce gag cte cge ctg tgg gac cgg atg ctg cgg 1374
Ala Thr Thr Val Ala Gly Glu Leu Arg Leu Trp Asp Arg Met Leu Arg
390 395 400 405
gag gcg aag ctc aac atc tecg ccg ggce tcg teg tge cat tge tcg gag 1422
Glu Ala Lys Leu Asn Ile Ser Pro Gly Ser Ser Cys His Cys Ser Glu

410 415 420
cct gge tgg ttc agg gtg tgce ttc gecc aac atg agce ctg gac acg ctg 1470
Pro Gly Trp Phe Arg Val Cys Phe Ala Asn Met Ser Leu Asp Thr Leu

425 430 435
gat gtt gca ctc gect agg atg age cge tte gta gac acg tgg aac aag 1518
Asp Val Ala Leu Ala Arg Met Ser Arg Phe Val Asp Thr Trp Asn Lys
440 445 450
gaa acg aca gcg tcg acg cag cag cac tag cagcagcagc agcatacgaa 1568
Glu Thr Thr Ala Ser Thr Gln Gln His
455 460

gtaaattttt tggagggtaa attacgtcat tggacagatt aaatcacaga gtagttatac 1628
agggggattc ttttatggtt tttcgattga tggtaacatc gattttgtaa caataactat 1688
cgectetcag atggaggagg gacacatata tgtatgtatt tataaaaatt cttactttgg 1748
cccaagcaaa a 1759
<210> SEQ ID NO 11

<211> LENGTH: 462

<212> TYPE: PRT

<213> ORGANISM: Zea mays

<400> SEQUENCE: 11

Met Gly Gly Lys Leu Leu Leu Gly Ala Ser Gln Ser Arg His Ala His
1 5 10 15

Ala Val Ala Ser Pro Pro Leu Ser Lys Val Ala Thr Ser Gly Leu His
20 25 30

Gly Glu Asp Ser Pro Tyr Phe Ala Gly Trp Lys Ala Tyr Asp Glu Asn
35 40 45

Pro Tyr Asp Ala Val Ser Asn Pro Gly Gly Val Ile Gln Met Gly Leu
50 55 60

Ala Glu Asn Gln Val Ser Phe Asp Leu Leu Glu Gly Tyr Leu Arg Asp
65 70 75 80

His Pro Glu Ala Ala Gly Trp Gly Gly Ser Gly Ser Gly Val Ala Ser
85 90 95

Phe Arg Asp Asn Ala Leu Phe Gln Asp Tyr His Gly Leu Lys Ala Phe
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-continued

100 105 110

Arg Lys Ala Met Ala Asn Phe Met Glu Lys Val Arg Gly Gly Lys Ala
115 120 125

Arg Phe Asp Pro Asp Arg Ile Val Leu Thr Ala Gly Ala Thr Ala Ala
130 135 140

Asn Glu Leu Leu Thr Phe Val Leu Ala Asn Pro Gly Asp Ala Leu Leu
145 150 155 160

Ile Pro Thr Pro Tyr Tyr Pro Gly Phe Asp Arg Asp Leu Arg Trp Arg
165 170 175

Thr Gly Val Asn Ile Val Pro Val His Cys Asp Ser Ala Asn Gly Phe
180 185 190

Gln Val Thr Ala Ala Ala Leu Gln Ala Ala Tyr Glu Glu Ala Glu Ala
195 200 205

Ala Gly Thr Arg Val Arg Ala Val Leu Leu Thr Asn Pro Ser Asn Pro
210 215 220

Leu Gly Thr Thr Val Thr Arg Pro Ala Leu Glu Asp Val Leu Asp Phe
225 230 235 240

Val Ala Arg Asn Asn Ile His Leu Ile Ser Asp Glu Ile Tyr Ser Gly
245 250 255

Ser Val Phe Ala Ala Pro Asp Leu Val Ser Val Ala Glu Leu Val Glu
260 265 270

Ser Arg Gly Asp Pro Gly Val Ala Glu Arg Val His Ile Val Tyr Ser
275 280 285

Leu Ser Lys Asp Leu Gly Leu Pro Gly Phe Arg Val Gly Val Val Tyr
290 295 300

Ser Tyr Asn Asp Ala Val Val Thr Ala Ala Arg Arg Met Ser Ser Phe
305 310 315 320

Thr Leu Val Ser Ser Gln Thr Gln Lys Thr Leu Ala Ala Met Leu Ser
325 330 335

Asp Ala Gly Phe Ala Asp Ala Tyr Val Arg Thr Asn Arg Gln Arg Leu
340 345 350

Arg Ala Arg His Asp His Val Val Ala Gly Leu Ala Arg Ala Gly Val
355 360 365

Pro Cys Leu Arg Gly Asn Ala Gly Leu Phe Val Trp Met Asp Met Arg
370 375 380

Arg Leu Leu Gly Glu Ala Thr Thr Val Ala Gly Glu Leu Arg Leu Trp
385 390 395 400

Asp Arg Met Leu Arg Glu Ala Lys Leu Asn Ile Ser Pro Gly Ser Ser
405 410 415

Cys His Cys Ser Glu Pro Gly Trp Phe Arg Val Cys Phe Ala Asn Met
420 425 430

Ser Leu Asp Thr Leu Asp Val Ala Leu Ala Arg Met Ser Arg Phe Val
435 440 445

Asp Thr Trp Asn Lys Glu Thr Thr Ala Ser Thr Gln Gln His
450 455 460

<210> SEQ ID NO 12

<211> LENGTH: 1464

<212> TYPE: DNA

<213> ORGANISM: Oryza sativa
<220> FEATURE:

<221> NAME/KEY: CDS

<222> LOCATION: (1)...(1461)
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-continued

<400> SEQUENCE: 12

atg gtg agc caa gtg gtc gcc gag gag aag ccg cag ctg ctg tcce aag 48
Met Val Ser Gln Val Val Ala Glu Glu Lys Pro Gln Leu Leu Ser Lys
1 5 10 15

aag gcc ggyg tgc aac age cac gge cag gac teg tee tac tte ctg ggg 96
Lys Ala Gly Cys Asn Ser His Gly Gln Asp Ser Ser Tyr Phe Leu Gly
20 25 30

tgg cag gag tac gag aaa aac ccg tte gac cce gte tcee aac cct tec 144
Trp Gln Glu Tyr Glu Lys Asn Pro Phe Asp Pro Val Ser Asn Pro Ser

gge atc atc cag atg ggc cte gec gag aac cag ctg teg tte gac ctg 192
Gly Ile Ile Gln Met Gly Leu Ala Glu Asn Gln Leu Ser Phe Asp Leu
50 55 60

ctt gag gag tgg ctg gag aag aac ccc cac geg cte gge cte cgg cga 240
Leu Glu Glu Trp Leu Glu Lys Asn Pro His Ala Leu Gly Leu Arg Arg
65 70 75 80

gag ggc ggc ggce gcc tee gte tte c¢ge gag cte geg ctg ttce cag gac 288
Glu Gly Gly Gly Ala Ser Val Phe Arg Glu Leu Ala Leu Phe Gln Asp

tac cac ggc ctc ccg gct ttcec aaa aat gca ttg geg cgg ttc atg tcg 336
Tyr His Gly Leu Pro Ala Phe Lys Asn Ala Leu Ala Arg Phe Met Ser
100 105 110

gag cag aga ggg tac aag gtg gtg ttc gac ccc age aac atc gtg cte 384
Glu Gln Arg Gly Tyr Lys Val Val Phe Asp Pro Ser Asn Ile Val Leu
115 120 125

acc gec gge gece acce teg get aac gag geg cte atg tte tge cte gec 432
Thr Ala Gly Ala Thr Ser Ala Asn Glu Ala Leu Met Phe Cys Leu Ala
130 135 140

gac cac ggc gac gcc tte cte atc cecc ace cca tac tac cca ggg tte 480
Asp His Gly Asp Ala Phe Leu Ile Pro Thr Pro Tyr Tyr Pro Gly Phe
145 150 155 160

gac cgc gac ctc aag tgg cge acc gge geg gag atce gta ccc gtg cac 528
Asp Arg Asp Leu Lys Trp Arg Thr Gly Ala Glu Ile Val Pro Val His
165 170 175

tge geg age gog aac ggg ttce cgg gtg acg cge cee geg ctg gac gac 576
Cys Ala Ser Ala Asn Gly Phe Arg Val Thr Arg Pro Ala Leu Asp Asp
180 185 190

geg tac cge cge gcog cag aag cgc cgg ctg cgce gte aag ggg gtg ctg 624
Ala Tyr Arg Arg Ala Gln Lys Arg Arg Leu Arg Val Lys Gly Val Leu
195 200 205

atc acc aac ccg tec aac ccg cte gge acce geg teg ccg cge gee gac 672
Ile Thr Asn Pro Ser Asn Pro Leu Gly Thr Ala Ser Pro Arg Ala Asp
210 215 220

cte gag acg atc gtc gac ttc gtc gee gece aag gge atc cac cte atc 720
Leu Glu Thr Ile Val Asp Phe Val Ala Ala Lys Gly Ile His Leu Ile
225 230 235 240

agc gac gag atc tac gee ggce acg gog tte gee gag ccg ccc gog ggce 768
Ser Asp Glu Ile Tyr Ala Gly Thr Ala Phe Ala Glu Pro Pro Ala Gly
245 250 255

tte gtce age geg cte gag gtc gtg gee ggg cge gac ggce ggce ggce get 816
Phe Val Ser Ala Leu Glu Val Val Ala Gly Arg Asp Gly Gly Gly Ala
260 265 270

gac gtg tcc gac cgce gtg cac gtc gtg tac agce ctg tee aag gac cte 864
Asp Val Ser Asp Arg Val His Val Val Tyr Ser Leu Ser Lys Asp Leu
275 280 285

gge cte ceg ggg tte cge gte gge gec ate tac tee gee aac gec gec 912
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Gly Leu Pro Gly Phe Arg Val Gly Ala Ile Tyr Ser Ala Asn Ala Ala
290 295 300

gtc gtg tce geg geg acc aag atg tce age tte gge cte gtg teg tece 960
Val Val Ser Ala Ala Thr Lys Met Ser Ser Phe Gly Leu Val Ser Ser
305 310 315 320

cag acg cag tac ctc ctc gcg gcg ctg ctc ggce gac agg gac ttc acc 1008
Gln Thr Gln Tyr Leu Leu Ala Ala Leu Leu Gly Asp Arg Asp Phe Thr
325 330 335

cgg agc tac gtc gcg gag aac aag cgg cgg atc aag gag cgg cac gac 1056
Arg Ser Tyr Val Ala Glu Asn Lys Arg Arg Ile Lys Glu Arg His Asp
340 345 350

cag ctc gtg gac ggg ctc agg gag atc ggc att ggg tgc ctg ccc agce 1104
Gln Leu Val Asp Gly Leu Arg Glu Ile Gly Ile Gly Cys Leu Pro Ser
355 360 365

aac gcc ggce ctce tte tge tgg gtg gac atg agc cac ctg atg c¢gg agc 1152
Asn Ala Gly Leu Phe Cys Trp Val Asp Met Ser His Leu Met Arg Ser
370 375 380

cgg tcg tte gecce gge gag atg gag ctc tgg aag aag gtg gtg ttc gag 1200
Arg Ser Phe Ala Gly Glu Met Glu Leu Trp Lys Lys Val Val Phe Glu
385 390 395 400

gtc ggc ctc aac atc tcc cecc ggg teg teg tge cac tge cge gag ccc 1248
Val Gly Leu Asn Ile Ser Pro Gly Ser Ser Cys His Cys Arg Glu Pro
405 410 415

ggc tgg ttc cge gtc tge tte gee aac atg teg gec aag acce cte gac 1296
Gly Trp Phe Arg Val Cys Phe Ala Asn Met Ser Ala Lys Thr Leu Asp
420 425 430

gtc gce atg cag cgce ctc agg teg tte gte gac tec gee acc ggce ggc 1344
Val Ala Met Gln Arg Leu Arg Ser Phe Val Asp Ser Ala Thr Gly Gly
435 440 445

ggc gac aac gcc gcc cte cge cge gee gece gte cec gte agg age gte 1392
Gly Asp Asn Ala Ala Leu Arg Arg Ala Ala Val Pro Val Arg Ser Val
450 455 460

agc tgce ccg ctce gce ate aag tgg gcg ctc cge ctc acc ccg tee atce 1440
Ser Cys Pro Leu Ala Ile Lys Trp Ala Leu Arg Leu Thr Pro Ser Ile
465 470 475 480

gcce gac ¢gg aag gcc gag aga taa 1464
Ala Asp Arg Lys Ala Glu Arg
485

<210> SEQ ID NO 13

<211> LENGTH: 487

<212> TYPE: PRT

<213> ORGANISM: Oryza sativa

<400> SEQUENCE: 13

Met Val Ser Gln Val Val Ala Glu Glu Lys Pro Gln Leu Leu Ser Lys
1 5 10 15

Lys Ala Gly Cys Asn Ser His Gly Gln Asp Ser Ser Tyr Phe Leu Gly
20 25 30

Trp Gln Glu Tyr Glu Lys Asn Pro Phe Asp Pro Val Ser Asn Pro Ser
35 40 45

Gly Ile Ile Gln Met Gly Leu Ala Glu Asn Gln Leu Ser Phe Asp Leu
50 55 60

Leu Glu Glu Trp Leu Glu Lys Asn Pro His Ala Leu Gly Leu Arg Arg
65 70 75 80

Glu Gly Gly Gly Ala Ser Val Phe Arg Glu Leu Ala Leu Phe Gln Asp
85 90 95
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Tyr His Gly Leu Pro Ala Phe Lys Asn Ala Leu Ala Arg Phe Met Ser
100 105 110

Glu Gln Arg Gly Tyr Lys Val Val Phe Asp Pro Ser Asn Ile Val Leu
115 120 125

Thr Ala Gly Ala Thr Ser Ala Asn Glu Ala Leu Met Phe Cys Leu Ala
130 135 140

Asp His Gly Asp Ala Phe Leu Ile Pro Thr Pro Tyr Tyr Pro Gly Phe
145 150 155 160

Asp Arg Asp Leu Lys Trp Arg Thr Gly Ala Glu Ile Val Pro Val His
165 170 175

Cys Ala Ser Ala Asn Gly Phe Arg Val Thr Arg Pro Ala Leu Asp Asp
180 185 190

Ala Tyr Arg Arg Ala Gln Lys Arg Arg Leu Arg Val Lys Gly Val Leu
195 200 205

Ile Thr Asn Pro Ser Asn Pro Leu Gly Thr Ala Ser Pro Arg Ala Asp
210 215 220

Leu Glu Thr Ile Val Asp Phe Val Ala Ala Lys Gly Ile His Leu Ile
225 230 235 240

Ser Asp Glu Ile Tyr Ala Gly Thr Ala Phe Ala Glu Pro Pro Ala Gly
245 250 255

Phe Val Ser Ala Leu Glu Val Val Ala Gly Arg Asp Gly Gly Gly Ala
260 265 270

Asp Val Ser Asp Arg Val His Val Val Tyr Ser Leu Ser Lys Asp Leu
275 280 285

Gly Leu Pro Gly Phe Arg Val Gly Ala Ile Tyr Ser Ala Asn Ala Ala
290 295 300

Val Val Ser Ala Ala Thr Lys Met Ser Ser Phe Gly Leu Val Ser Ser
305 310 315 320

Gln Thr Gln Tyr Leu Leu Ala Ala Leu Leu Gly Asp Arg Asp Phe Thr
325 330 335

Arg Ser Tyr Val Ala Glu Asn Lys Arg Arg Ile Lys Glu Arg His Asp
340 345 350

Gln Leu Val Asp Gly Leu Arg Glu Ile Gly Ile Gly Cys Leu Pro Ser
355 360 365

Asn Ala Gly Leu Phe Cys Trp Val Asp Met Ser His Leu Met Arg Ser
370 375 380

Arg Ser Phe Ala Gly Glu Met Glu Leu Trp Lys Lys Val Val Phe Glu
385 390 395 400

Val Gly Leu Asn Ile Ser Pro Gly Ser Ser Cys His Cys Arg Glu Pro
405 410 415

Gly Trp Phe Arg Val Cys Phe Ala Asn Met Ser Ala Lys Thr Leu Asp
420 425 430

Val Ala Met Gln Arg Leu Arg Ser Phe Val Asp Ser Ala Thr Gly Gly
435 440 445

Gly Asp Asn Ala Ala Leu Arg Arg Ala Ala Val Pro Val Arg Ser Val
450 455 460

Ser Cys Pro Leu Ala Ile Lys Trp Ala Leu Arg Leu Thr Pro Ser Ile
465 470 475 480

Ala Asp Arg Lys Ala Glu Arg
485
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What is claimed is:

1. An isolated nucleic acid comprising a promoter that
functions in plants and further comprising a polynucleotide
selected from the group consisting of SEQ ID NOS: 1, 2 and
4.

2. An isolated nucleic acid comprising a polynucleotide
selected from the group consisting of SEQ ID NOS: 3, 5, 6
and 7.

3. The isolated nucleic acid of claim 1 comprising a pro-
moter that functions in plants, wherein the polynucleotide
comprises SEQ ID NO: 1 and SEQ ID NO: 2.

4. The isolated nucleic acid of claim 1 wherein said pro-
moter is a constitutive promoter.

5. The isolated nucleic acid of claim 1, wherein expression
of'the nucleic acid results in the downregulation of the expres-
sion of one or more endogenous ACS genes in a plant cell.

6. A plant or plant cell comprising the isolated nucleic acid
of claim 1.

7. A plant or plant cell comprising the isolated nucleic acid
of claim 3.

8. A plant or plant cell comprising an expression cassette
effective for reducing expression of at least one endogenous
ACS gene, wherein said expression cassette comprises a pro-
moter that functions in plants operably linked to a nucleic acid
configured for RNA silencing or interference, wherein said
nucleic acid comprises a polynucleotide of SEQ ID NO: 1
and/or SEQ ID NO: 2.

9. The plant cell of claim 8, wherein the plant cell is from
a dicot or monocot.

10. The plant cell of claim 9, wherein the dicot or monocot
is maize, wheat, rice, sorghum, barley, oat, lawn grass, rye,
soybean, Brassica or sunflower.

11. A plant regenerated from the plant cell of claim 10.

12. The plant of claim 11, wherein the plant exhibits one or
more of the following: increased drought tolerance, increased
nitrogen utilization efficiency, increased seed yield, increased
biomass yield, increased density tolerance and increased den-
sity tolerance, compared to a control plant.

13. A method of reducing ethylene production in a plant,
the method comprising reducing the expression of one or
more ACC synthase genes in the plant by expressing a trans-
genic nucleic acid comprising a nucleotide sequence selected
from the group consisting of SEQ ID NO: 1, SEQ ID NO: 2,
SEQ ID NO: 4, SEQ ID NO: 5, SEQ ID NO: 6 and SEQ ID
NO: 7.

14. The method of claim 13, wherein the transformed plant
exhibits one or more of the following: (a) a reduction in the
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production of at least one ACC synthase mRNA; (b) a reduc-
tion in the production of an ACC synthase; (¢) a reduction in
the production of ACC; (d) a reduction in the production of
ethylene; (e) an increase in drought tolerance; (f) an increase
in nitrogen utilization efficiency; (g) an increase in density
tolerance; (h) an increase in plant height or (i) any combina-
tion of (a)-(h), compared to a control plant.

15. A method of increasing yield in a plant, the method
comprising down regulating the expression of one or more
ACC synthase genes in the plant by expressing a transgenic
nucleic acid comprising a nucleotide sequence selected from
the group consisting of SEQ ID NO: 1, SEQ ID NO: 2, SEQ
IDNO: 4, SEQID NO: 5, SEQ ID NO: 6 and SEQ ID NO: 7.

16. A method of increasing drought tolerance in the
absence of a yield penalty under non-drought conditions, the
method comprising reducing endogenous ACS6 transcript
levels or ACS6 activity.

17. An expression cassette consisting essentially of nucle-
otide sequences SEQ ID NO: 1 and SEQ ID NO: 2, wherein
the nucleotide sequences are separated by an intervening
polynucleotide.

18. The expression cassette of claim 17, wherein the inter-
vening polynucleotide is a ZmAdh1 intron 1.

19. The expression cassette of claim 18, wherein the
ZmAdhl intron 1 sequence is bases 3791-4327 of SEQ ID
NO: 3.

20. The plant of claim 8, wherein endogenous ACS tran-
script levels or ACS activity is reduced relative to a control
plant.

21. The plant of claim 20, wherein the level or activity of
ACC synthase is less than about 95% of that of the control
plant.

22. The plant of claim 20, wherein the level or activity of
ACC synthase is less than about 85% of that of the control
plant.

23. The plant of claim 20, wherein the level or activity of
ACC synthase is less than about 75% of that of the control
plant.

24. The plant of claim 20, wherein the level or activity of
ACC synthase is less than about 50% of that of the control
plant.

25. The plant of claim 8, wherein the plant is maize, wheat,
rice, sorghum, barley, oat, lawn grass, rye, soybean, sorghum,
Brassica or sunflower

26. Seed of the plant of claim 8, wherein the seed comprises
the expression cassette.
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